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Abstract 
This thesis aims to evaluate Richard Wilkinson's arguments that, in developed 
economies, it is not (absolute) income that is a main determining factor of health but the 
degree of inequality of income within a society. The distinctive nature of this thesis is 
twofold. This is the first study to analyse individual data at the scale of countries which 
was the scale used originally used by Wilkinson. Moreover, random coefficient modelling 
is used to model individual and country variables simultaneously and thereby overcome 
the ecological fallacy that has troubled previous research. 
The study is based on four distinct pieces of research, which are international-based 
comparisons of aggregated and individual level data through time. One is a longitudinal 
analysis of life expectancy at birth for some 196 countries across thirty years. Group 
trajectory modelling is used to reveal groups of countries with distinctive trends and these 
trends are then related to changing GDP and income inequality. Using this aggregated 
data, support is found for the Wilkinson hypothesis in that in developed countries life- 
expectancy is related to GDP but not to income inequality. The other three studies are 
based on individual level data derived from the World Values Survey. These analyses 
provide a direct test of the Wilkinson hypothesis using micro data on individuals, and 
macro data on relative inequalities analysed simultaneously. They investigate the 
individual self-rated health associated with country income and inequality data, while 
also estimating the relationship between subjective well-being (happiness and life 
satisfaction) and individual income and country inequality. Finally, they uncover the 
underling relationship between individual self-rated health and individual and country 
level social trust as an evaluation of the hypothesis that social cohesion affects human 
health. In summary, with this improved methodology it is found that the Wilkinson 
hypothesis is not supported in terms of income inequality, but there is an effect for social 
trust, over and above individual factors. 
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The last ten years have seen a major interest in the macro determinants of health. 
Although this interest is not a new one (for example, Ancel Keys planned his 
ground-breaking the Seven Countries Study which was the first to examine 
systematically the relation among lifestyle, diet, and the rates of heart attack and stroke in 
contrasting population in the late 1950s) it recently has received increased attention as the 
effectiveness of an individual `lifestyle' approach to health has been questioned (Shy, 
1997). 
A major proponent of the idea that it is not the characteristics of the individual but of the 
society in which they live that determine ill health has been raised by Richard Wilkinson, 
particularly in his 1996 book Unhealthy Societies and in the 2001 follow-up Mind the 
Gap. The detail of his arguments is considered in Chapter Two of this thesis; in short, 
Wilkinson argues that the major cause of ill-health in advanced economies is not lifestyle, 
environmental or genetic factors. Instead, the causes are societal. Put simply, in the rich 
countries of the West, unequal societies produce injurious levels of social stress that 
result in premature death. Health inequalities therefore are seen as a result of relative 
income inequalities undermining social cohesion and exacerbating psychosocial 
processes of stress. The central focus of this thesis is to evaluate Wilkinson's hypothesis. 
Although there are an enormous number of papers evaluating and challenging 
Wilkinson's arguments, none of them assesses the underlying relationship between 
income inequality and health outcomes across a wide range of countries, using data at the 
individual as well as the aggregate level. Consequently, they either conflate or ignore 
micro and macro, as well as geographical perspectives on health. The distinctive nature of 
this thesis is threefold: 
1) An analysis is undertaken of the relationship between health and income 
inequality using the same macro-scale of analysis as used by Wilkinson (1996, 
2001). Whilst other researchers have explored the Wilkinson hypothesis at the 
sub-national scales of States and Metropolitan Areas within the USA, here 
extensive country level data are used - the same definition of `societies' used by 
Wilkinson when providing empirical evidence for his arguments. 
2) An appropriate multilevel methodology is developed to model simultaneously at 
the macro-, country level as well as at the micro-, individual level, permitting the 
relative importance of micro and macro effects on health to be quantified and the 
spurious effects of data aggregation to be avoided. 
3) The study has a longitudinal perspective, modelling changes over time. 
The structure of the thesis is as follows. Chapter Two looks in detail at the underlying 
arguments of and evidence for the Wilkinson thesis. In particular, it reviews previous 
studies of the `relative income hypothesis' - the idea that it is not individual (absolute) 
income which affects people's health but income relative to others within a society. The 
chapter also reviews criticisms of this income inequality hypothesis. In particular, it 
focuses on Gravelle's (1998) argument that the relationships found by Wilkinson (at the 
country level) are an artefact of a non-linear relationship at the individual level between 
income and health, which, once aggregated, cause a statistically significant but spurious 
association between income inequality and people's average health to emerge. 
In the chapter, a simulation confirms the problem and demonstrates the need for a 
multilevel strategy to re-examine Wilkinson's hypothesis. Summarised are recent findings 
based on the multilevel modelling of associations between health, income and income 
inequality at a variety of scales such as communities, regions or states; and of 
associations between health and the mediating factor of social cohesion. The chapter 
concludes with an outline of the research questions to be pursued in the following 
chapters to validate or to challenge Wilkinson's hypothesis, and also considers the nature 
of the data required to answer those questions. 
The rest of the thesis is based on four distinct but complementary pieces of research, 
which are international-based comparisons of health outcomes through time. Chapter 
Three presents a longitudinal analysis of some 196 countries' changing life expectancies. 
This modelling is based on the collation of a dataset for 1970-2002, that has information 
2 
on life expectancy, as well as measures of income and income inequality. The analysis is 
used to uncover the basic trends in mortality between countries, using comparable data, 
and to relate these trends to changing levels of income and income inequality. 
There are three aims for this part of the study: firstly to evaluate the general patterns 
through time and in a wide range of different countries to assess the degree of between 
occasion (year) and between country variation. Secondly, to identify subgroups of 
countries which have distinctive developmental patterns. Finally, examine the changing 
patterns of mortality as a function of a country's classification of income and income 
inequality. In methodological terms, the recently developed semi-parametric random 
coefficient approach of Nagin (2005) is used to identify countries with similar trajectories. 
This methodology will also be used to predict what would have happened to mortality 
trends under a range of circumstances, if countries had achieved the same lack of income 
inequality enjoyed by Sweden. The results of this study previously have been presented at 
the Methodology of Longitudinal Survey conference (University of Essex, 2006) and at 
the Emerging and New Research in Geographies of Health and Impairment (University of 
Maynooth, Ireland, 2004). 
Chapters Four, Five and Six are all based on individual level data obtained from the 
World Values Survey (Inglehart, 1997). Individual data are vital if we are to avoid the 
ecological fallacy associated with aggregate data analysis - which is, as will be shown, a 
key flaw inherent to Wilkinson's empirical work. The underlying aims of these three 
studies is to use data collected on a comparable basis and using scientific sampling 
strategies in a large number of countries to provide a direct test of the Wilkinson 
hypothesis using micro data on individuals, and macro data on relative income 
inequalities at the country scale. 
More specifically, Chapter Four reports the results of a multilevel analysis relating 
self-rated health at the individual level to individual income, and simultaneously to 
average income and income inequality at the country level. Given that Wilkinson 
developed his hypothesis in relation to countries as societies, so it is crucial to examine a 
wide variety of countries with a wide range of average income and income inequalities. 
Wilkinson argues that once countries reach a certain stage of development (which he 
3 
defines as GNP $5000 per capita in 1990) inequality takes over from per capita income as 
the primary determinant of health. Therefore it is also important that: (a) his hypothesis is 
examined over time, as countries become more developed; and (b) that the effect of 
income inequality on health within the model be allowed to vary between non- and 
advanced economies. Methodologically, this chapter considers the data provided by the 
successive waves of the World Values Survey and how this can be handled by a 
multilevel multinomial logit model. 
In his book `Unhealthy societies' (1996), Wilkinson concluded that countries where there 
is greater inequality, experience higher social stress, greater unhappiness, poorer life 
satisfaction and consequently poorer health. In chapter 5, a set of models is developed to 
further examine the Wilkinson hypothesis, relating individual and country income 
variables to a set of outcomes representing self-reported health, happiness and life 
satisfaction. This allows an assessment of the effects of income inequality on a range of 
life indicators and also provides an assessment of the correlation between these different 
outcomes both between countries and within countries (where they are between people). 
Methodologically, this chapter uses a multivariate multilevel model. Preliminary results 
from this chapter were presented at the conference of ESRC Research Method in the 
University of Durham 2004. 
As has been stated, Wilkinson contends that the key mechanisms between income 
distribution and health are psycho-social processes. He stresses that "what matters 
most ... probably even 
for people who still suffer from air pollution and damp housing is 
psycho-social welfare" (2000,7). To him, the primary cause of health inequalities is not 
material disadvantage but psycho-social stress arising from perceived or actual relative 
disadvantage. Income inequality is said to undermine social cohesion which has a 
detrimental psychosocial effect on individual health (Wilkinson, 1996,1998). Chapter 6 
is a direct test of this hypothesis, providing the results of a set of models relating 
individual self-rated health to social trust, on individual and country levels, and taking 
account of individual social demographic and economic variables by multilevel 
modelling. The final modelled result is compared with Subramanian's et al. 's (2004) 
research which was undertaken within US communities in different scale rather than 
between countries. 
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Chapter Seven concludes the thesis. By summarising the findings of the preceding 
chapters and by drawing together the empirical evidence that has been obtained, a final 
assessment is made upon Wilkinson's hypothesis concerning the association between 
individual health outcomes and the absolute and relative income of a society. Comment is 




A critical review of Wilkinson's psychosocial 
perspective on health inequalities 
2.1 INTRODUCTION 
There is a considerable debate about the importance of income and inequality in 
determining health outcomes. In particular, it has been argued by Richard Wilkinson in a 
series of papers and books, that in developed economies, it is not (absolute) income that 
is a main determining factor of health but the degree of inequality of income within a 
society. Furthermore, he stresses that the key mechanism causing health inequalities is 
not material disadvantage but psycho-social stress arising from perceived relative 
disadvantage. 
This chapter reviews previous work on the Wilkinson's hypothesis and subjects the 
hypothesis to an initial critique. This review will spell out the argument largely in 
Wilkinson's own words and diagrams. The chapter has the following structure. Firstly, 
there is a detailed review of the income-inequality hypothesis that is put forward by 
Wilkinson, namely that the extent of dispersion of a place's income plays a more 
important role in determining health outcome than real income, especially in developed 
countries. Secondly, the chapter considers recent critiques of the hypothesis and examines 
the inconsistency and shortcomings of both methodology and data. 
Thirdly, the key features of an appropriate methodology required to evaluate Wilkinson's 
hypothesis are examined: in particular, the advantages of using a multilevel modelling 
approach to assess the data and discover the true underlying relationship are considered. 
In this context attention is focused on Gravelle's (1998) argument that the inequality 
effect is an artefact of aggregating data from a non-linear individual-level relation 
between income and health. A simulation will be carried out to show the importance of 
Gravelle's argument and therefore the compelling need for a multilevel modelling when 
evaluating the Wilkinson hypothesis. The more recent multilevel studies that have been 
6 
undertaken are then reviewed before finally listing the purpose and research questions for 
each subsequent chapter for evaluating Wilkinson's hypothesis. 
2.2 PREVIOUS RESEARCH 
2.2.1 Income inequality debates; Wilkinson's argument 
The key to understanding Wilkinson's argument is to distinguish between absolute and 
relative income: the former relates to how much income an individual receives; the latter 
is the degree of inequality in a society or a place. A number of studies of developed 
economies have indicated that the higher an individual's income the better their health; 
that is the `absolute income hypothesis' (Adler, 1993; Pritchett et al, 1996 and 
Ben-Shlomo et al., 1996). However, Wilkinson (1996) in the book `Unhealthy societies' 
(US), stresses the relative income hypothesis, concluding that 
"[t]he scale of income differences in a society is one of the most powerful determinants of 
health standards in different countries and that it influences health through its impact on 
social cohesion" (US, 1996, pix); 
and that 
"[i]ncome distribution is linked to social cohesion which in turn is linked to mortality" 
(US, 1996, ix, emphasis added) 
Moreover, Wilkinson (2000) in his later book `Mind the gap' (MTG), challenges the 
materialist explanation that individual income simply buys access to certain goods: 
"[mJost of us working in this area assumed that they [i. e. health inequalities] must be due 
to differences in material living standards between social classes. It looked then as if our 
task was to discover the damage done by bad housing, air pollution, poor diet, 
inadequate housing and other aspects of people's circumstances... we assumed the key 
relationships were those between people and things" (MTG 2000, p6-7). 
He continues: 
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"[w]hat matters most ... probably even for people who still suffer from air pollution and 
damp housing is psycho-social welfare" (MTG 2000, p7, emphasis added). 
There are two important points which have to be emphasized here. Firstly, relative 
income differences are the effect of places (societal/geographical), which are above and 
beyond individual income effects on health. Secondly, for Wilkinson, it is not materialist 
but psycho-social factors that make people ill. These are the key elements that constitute 
the `relative income hypothesis'. 
Wilkinson bases this relative income hypothesis on a large and complex empirical 
evidence base, now reviewed in the following order: the limited role of individual risk 
factors in explaining health inequality (evidence 1); the contrasting relationship for 
income and health found between-countries and within-countries (evidence 2 and 3); and 
then specific examples of places with high social cohesion having good experiences of 
health and other social outcomes (evidence 4 and 5). This empirical evidence will then 
allow me to spell out the effects of income inequality on health via social cohesion as the 
psychosocial pathway in an overall model (evidence 6 and 7). 
2.2.1.1 Evidence 1: The low-role of individual risk factors 
In the long history of studying health inequality, it has been suggested that the causes of 
health differences are to be found in differences in smoking, drinking, diet, exercise and 
the like. Several large studies have measured the contribution of individual behavioural 
factors such as these to differentials in death rates. In the British context, one of the major 
studies has been the Whitehall study (Marmot et a!., 1991) which is a prospective 
longitudinal study of British civil servants. Figure 2.1 summarises what this study has 
found. It shows the relative risk of mortality from coronary heart disease on each discrete 
bar chart representing different employment class or grade in the civil service. The health 
inequalities are large with a four-fold difference between "other" (that is the lowest grade) 
and the highest administrative grade. The graph also shows the extent of differences that 
can be statistically explained by various risk factors. Especially, only one third can be 
explained by individual risk factors even in combination, thereby suggesting that the 
majority of heath inequality variation must be explained by something other than 
individual behaviour. 
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The role of individual risk factors has also been brought into question in the work of Rose 
(1981). He calculated the impact of a low cholesterol diet on individual risk of heart 
attack using data from the Framingham study (a key and pioneering American-based 
study) and made the following statement: 
"[i]f men were to modify their diet enough to reduce their cholesterol by 10 percent up to 
the age of 55,98 per cent of them would have to eat differently every day for forty years 
without having prevented a heart attack by doing so. If the pay-offs are so small even for 
preventive measures, which are, regarded as most important what hope is therefor less 
important risk factors in less important causes of death " (US, 1996, p71). 
Figure 2.1 Relative risk of death from coronary heart disease according to 
employment grade, and proportions of differences that can be explained 
statistically by various risk factors 
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Wilkinson also dismisses other individual-based explanations for health inequalities: 
"[ijmportant differences in health... cannot be attribute to genetics, only a small part is 
played by healthier people moving up the social ladder and less healthy moving down; .. 
almost none of the health differences results from differences in medical care; the 
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differences are only partly explained by health-related behaviour.... the main explanations 
of health inequalities have to be found in the effects of the different social and economic 
circumstances in which people live" (US, 1996, p7). 
Consequently, it is not individual risks that relate to specific diseases. Instead 
"[t]he most important single part of the picture ... concerns the social determinants of 
general vulnerability" (MTG 2000, p9). 
2.2.1.2 Evidence 2: GDP (income) and health: between-country relations 
Wilkinson (in MTG, 2000) then continues his argument by looking at macro factors that 
could determine health inequality. In Figure 2.2, Wilkinson plots life expectancy against 
income per capita for a range of countries in four different eras. In countries with average 
income per person below five thousand dollars, there is a strong direct relationship 
between life expectancy and income measured as GNP PPP pc'. However, among those 
richer countries (above five thousand) it seems income has no effect on life expectancy. 
Wilkinson further plots life expectancy against income (represented by GNP PPP pc) for 
the developed countries of the OECD (see Figure 2.3) and concludes there is no evidence 
of any relationship whatsoever. At the country level, absolute income appears unrelated to 
ill-health in advanced economies. From these two figures he concludes that 
"[o]nce countries have reached some threshold of income (around $5k per capita in 1990) 
life expectancy plateaus out and further increases in GNPpc are no longer associated 
with increases in life expectancy" (US, 1996, p34). 
In this context, the epidemiological transition is seen in a new light, in that both the life 
expectancy experienced by a country and the transition from the dominance of 
communicable disease (e. g. tuberculosis) to degenerative disease (e. g. heart disease) is 
said to be determined by the income of a country. Once living standards are in excess of a 
minimum standard that is adequate to ensure basic material standards for all, there is an 
1 GNP PPP pc: GNP pc is Gross National Product per capita. It represents the net final product of total 
goods and service at market value for an economy shared by its population, including the residents and 
foreign labour within the territory for a period of time. PPP is a rate of exchange that accounts for price 
differences across countries allowing international comparisons at the PPP US$ rate. A PPP US$1 has 
the same purchasing power in the domestic economy as $1 has in the United States. (United Nations, 
2001) 
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epidemiological transition where the main cause of death shifts from infectious disease to 
degenerative disease. Wilkinson writes 
"[rJicher countries... have advanced beyond a crucial stage when living standards 
reached a threshold level adequate to ensure basic material standards. for all. This is 
marked by the epidemiological transition when infectious diseases gave way to cancer 
and degenerative diseases as the main causes of death " (US, 1996, p2). 
Figure 2.2 Changing life expectancy and income per capita 
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He also claims that 
"[d]uring the epidemiological transition the so-called affluent diseases became the 
diseases of the poor in affluent societies " (US, 1996, p44); 
and that 
"[t/he transition from infectious to degenerative causes of death marks the attainment of 
the minimum standard consistent with health among the vast majority of the population " 
(US, 1996, p7). 
So below a threshold of around $5K per capita in 1990, material disadvantage is a key 
process, communicable diseases are dominant, and life is relatively short. Above the 
threshold, material disadvantage appears not to be important. 
Figure 2.3 Relationship of life expectancy and gross national product per capita in 
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2.2.1.3 Evidence 3: income and health: within-country relations 
Wilkinson notes that within developed countries such as the USA, the annual age 
adjusted death rates are anywhere between twice and four times as high for poorer as 
richer people (see Figure 2.4): 
"[t]he usual pattern is a continuous gradient across the whole society " (MTG, 2001, p5). 
The central crux of his argument here is that income within a society has to be given a 
relative interpretation: 
"[h]ealth is related to differences in living standards within developed societies but not to 
differences between them. This inconsistency is resolved by evidence suggesting that what 
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matters within countries is relative rather than absolute income levels " (US, 1996, p7). 
Moreover, 
"[w]here income is related to social status, as it is within countries, it is also related to 
health. Where income differences mean little or nothing for people s position in the social 
hierarchy (such as those between countries) income makes little difference to health. This 
strongly implies that psychosocial pathways are important" (MTG, 2000, p 10-11). 
Figure 2.4 Age adjusted mortality of 300,685 white American men by median family 
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Source: Wilkinson, (US, 1996, p73) 
In summary, 
"[iJC now looks as if individual income like inequality affects health though psychosocial 
processes" (MTG, 2000, p12). 
For the relative income argument, in developed countries, it is not what income you have 
that determine health outcomes, but income you have in relation to others in your society; 
not total income but comparative status. 
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2.2.1.4 Evidence 4: Income inequality and Health 
More direct evidence of the relative income hypothesis comes from examining the 
relationship between health outcomes and relative income within countries. In Figure 2.5, 
there is a positive and significant correlation of 0.86 (P < 0.001) between the share of 
total personal income received by the least well-off 70 per cent of households in OECD 
countries and life expectancy. In relatively egalitarian societies where the poorest 70% 
receive around 50% of total income (such as Sweden and Norway), life expectancy is 
around 76 years; thus compares favourably to the former West Germany and USA which 
are less egalitarian, and have a shorter life expectancy by some two to three years. 
Similarly, when Wilkinson plots life expectancy against the Gini measure of inequality 
(see Figure 2.6) he finds a clear relationship (r = -0.81): unequal, developed societies 
such as France, Spain and West Germany have the worse life experience; people live 
longer in the more equal societies like Sweden and the Netherlands. The relationship is 
unrelated to how rich the country itself is. 
Figure 2.5 The cross-sectional relationship between income distribution and life 
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Figure 2.6 Inequality and life expectancy for developed countries 
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Moreover, the relationship between the changes of life expectancy and population 
proportion in poverty between 1975 and 1985, of the twelve European countries in Figure 
2.7 shows a significant and negative correlation of 0.73 (P < 0.01). Reducing the relative 
poverty of populations such as in France and Greece increased life expectancy through 
time. 
The impact of income inequality on health not only appears internationally but also holds 
within nations such as the United States, as shown in Figure 2.8. The age adjusted 
mortality for USA states is highly correlated with the percentage share of household 
income received by the poorest 50 percent of the population (0.62; P<0.001). It is still 
very significant even after taking into account of average incomes, absolute poverty, 
racial differences and smoking in an aggregate analysis of USA states. 
For Wilkinson the only explanation that accords with this evidence (relationship with 
absolute income between individuals within developed countries, but only with relative 
income between societies) is that the effects of incomes are not related to material 
disadvantage (poor quality housing, inadequate diet, poor access to facilities for sport and 
recreation) but to psycho-social processes. Living in a place with an unequal income 
distribution is anticipated to lead to a worse health experience. This is the effect of place 
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or group, which is beyond the effect of the individual. 
Figure 2.7 The annual rate of change of life expectancy in the twelve European 
Community countries and the rate of change in the percentage of the 
population in relative poverty, 1975-1985 
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Figure 2.8 The relationship between income distribution and mortality among the 
fifty states of the USA in 1990 
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"[w]ithin societies it is not so much the direct health effects of absolute material 
standards so much as the effect of social relativities... the relationship is with relative 
rather than absolute income levels. In the developed world, it is not the richest countries 
which have the best health, but the most egalitarian" (US, 1996, p3). 
2.2.1.5 Evidence 5: towards social capital and social cohesion 
Chapter 6 of Wilkinson's book Unhealthy Society provides a number of case studies to 
show how wider social structures are associated with narrower income differences and 
better health. These case studies are briefly been summarised as follows: 
Example 1: Rosetto 
This is a small town in Pennsylvania, USA, settled by Italian migrants from Rosetto. 
People who are residence here are much healthier than in neighbouring towns; Wilkinson 
argues that this is not due to reduced behavioural risk but an unusually close-knit 
community relationship with an egalitarian structure and high social cohesion. It was 
predicted that as Rosetto 
"[ijost its sense of community, it would also lose it health advantage -a prediction that a 
more recent study has borne out" (MTQ 2000, p13). 
Example 2: Eastern Europe 
Life expectancy in Eastern Europe and the Soviet Union were comparable with health in 
Western Europe during the 1960s. However, their worsening health since the early 1970s 
until 1989 was accompanied with 
"[ijncreasing inequality, by a growing air of cynicism in public life" (MT; 2000, p14). 
Again, for Wilkinson, as social cohesion breaks down, health and life expectancy worsen. 
Example 3: Japan 
In the early 1960s, Japanese life expectancy was lower than for Britain; however, it is 
now the highest in the World. To achieve parity with Japan, Britain would now have to 
have no deaths from all heart diseases and most cancers. The reason for this improvement 
in Japan, according to Wilkinson, is that 
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"[a] highly cohesive society - the culmination of a long period of narrowing income 
differentials and ... falling crimes" (MTG, 2000, p14). 
According to Wilkinson, the case studies above are by one major feature: 
"[some] societies were unusually egalitarian and unusually healthy: circumstantial 
evidence suggests that they were also unusually cohesive" (US, 1996, p7). 
2.2.1.6 Evidence 6: Income inequality and social disintegration 
Wilkinson has found that 
"[s]ocial disintegration is consequent on wider income differences" (US, 1996, p8). 
He points to the study of Kaplan et al., in 1990. They found a correlation of 0.72 (P < 
0.001) between the homicide rate for forty-six states of the USA and the percentage of 
total household income received by the least well-off 50% of the population (Figure 2.9). 
This shows that 
"[hJigher crime rates, homicide and violence are associated with wider income 
differences" (US, 1996, p8). 
Wilkinson also puts emphasis on `trust of others' and how this is related to income and 
health inequalities: 
"[a]mong 50 States of the USA, the proportion of people who feel that they can trust 
others tends to be much higher in states where income differences are smaller. People in 
more egalitarian states find each other more helpful and are more likely to belong to 
voluntary clubs and associations. The causal relationship appears to run from income 
distribution through the quality of the social environment to health. There is also some 
international evidence that people trust each other more where income differences are 
smaller" (MTGS 2000, p14). 
Also, 
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"[i]n terms of causal pathways affecting health, social cohesion may be regarded almost 
as an epiphenomenon..... What affects health is the individual experience of chronic 
stress arising from social anxiety. Social cohesion is associated with health because it is 
a reflection of how tense or relaxed social contacts are and of the underlying social 
anxiety" (MTG, 2000, p59). 
Figure 2.9 The relationship between income distribution and homicide among the 
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2.2.1.7 Evidence 7: Psychosocial pathways 
Wilkinson argues that the link between income inequality and health inequality is a result 
of psychosocial mechanisms, with anxiety as the key biological pathway: 
"[iJncreasingly it looks as if some of the most important parts of this relationship involve 
psychosocial pathways; subjective psychological and emotional effects of objective 
features of the social structure " (US, 1996, p54). 
"[s]ocial structure and our position within it can exacerbate our anxieties about how we 
are seen by others- anxieties that go to the foundations of social life to our reflexive 
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nature as social beings" (MTG 2000, p4). 
"[iJn rich countries, anxiety seems to be one of the most important pathways linking 
health to social and economic circumstances" (MTQ 2000, p3). 
Wilkinson bases his argument in part' on animal studies. His book Mind the Gap was in a 
series about applying Darwin to modem society and evolution. For him there is 
increasing evidence showing that stressful social hierarchies predispose primates, such as 
troops of baboons to poorer health. Wilkinson reports the example of an experiment in 
which the social status of monkeys is manipulated, finding 
"[t]hat low social status produces many of the same physiological riskfactors for disease 
among monkeys as among human beings... the key processes ... are psycho-social; by 
manipulating social status while controlling both diet and the physical environment, the 
study rules out any obvious material explanation" (MTG, 2000, p12). 
The experiment found that 
"[t]he physiological effects of low social rank were observed in monkeys even in the 
complete absence of the plethora of differences in socio-economic circumstances found 
among humans. The effects cannot be attributed to jobs, housing, smoking, diet, debt, 
unemployment or whatever" (MTG, 2000, p35-36). 
Moreover, it also has been found that 
"[s]ubordinate monkeys and low-status humans share a much faster build up of 
atherosclerotic plaque in their coronary arteries, are more likely to suffer from central 
obesity, have potentially damaging levels of high-density blood fats... " (MTC; 2000, 
p36). 
Turning now to human beings and, in particular, studies of workers, it has been found that 
"[tJhe amount of control people have over their work was found to be strongly predictive 
of health (even after controlling for occupational position and other positions) [... J a 
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series of studies showed that health worsened not only when people actually become 
unemployed but also before that when redundancies first seemed likely and people started 
worrying about their jobs " (MTC; 2000, p9). 
Indeed, Wilkinson stresses the similarities of findings between primates and civil servants 
(the subjects of the Whitehall studies): 
"[iJn monkeys the most common attacks are by dominant animals on subordinates. But 
higher fibrinogen levels are also much more common in junior staff, as if their 
subordinate positions put them at risk of psycho-social attack from their superiors" 
(MTGG 2000, p48). 
Wilkinson puts the greatest explanatory power on the relative status of people in relation 
to people, rather than people in relation to things in developing his anti-materialist 
position 
"[w]hat matters most about relative deprivation is not so much the lower living 
standards in themselves but the affront to dignity and respect, and the imputation of 
inferiority that accompanies relative poverty" (MTG 2001, p27). 
"[ijnstead of exposures to toxic materials and mechanical dangers we are discovering 
the toxicity of social circumstances and patterns of social disorganization" (US, 1996, 
p23). 
2.2.1.8 Underlying causal model 
It is possible to construct an underlying psycho-social model from a reading of 
Wilkinson's Mind the Gap and Unhealthy Societies as shown in Figure 2.10. He contends 
that the key mechanisms between income distribution and health operate through 
psycho-social processes. Countries where there is greater inequality, experience higher 
levels of social mistrust, higher social stress, greater unhappiness, poorer life satisfaction 
and consequently poorer health. 
He argues that in developed economies, income inequality operates on health in only a 
minor way through poor material circumstances (such as inadequate diet and damp 
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housing). For him, the key link is that unequal societies are socially divided societies with 
low social capital, poor civic engagement, and low levels of trust. This places individuals 
within such societies in a stressful situation, which then manifests itself as a range of 
`social' problems, including violence, health inequalities and lower life expectancy: 
"[m]ore equal societies are less stressful; people are more likely to trust each other and 
are less hostile and violent towards each other" (MTG 2000, p3); 
"[h]ealth and quality of life in modern societies as being primarily dependent on 
distributed justice and levels of what might be called social capital " (US, 1996, p9). 
In summary, the Wilkinson hypothesis can be summarised in two statements. Firstly, in 
the developed world, the most egalitarian rather than the richest countries have the best 
health. Secondly, the most important links between disease and income inequality are 
psycho-social operating through the pathway of social cohesion 
Figure 2.10 Underlying psycho-social model derived from a reading of Wilkinson's 
Mind the Gap and Unhealthy Societies 
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As befits an important and wider-ranging hypothesis, Wilkinson's arguments have been 
subjected to considerable criticism. Catalan (1998,166) in a book review of Unhealthy 
Societies is sceptical of Wilkinson's very form of argument: 
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"[h]e marshals the work to support a conclusion he has already reached. He believes 
that economic disparity causes illness and implies there is no longer any empirical 
reason to think otherwise. " 
Catalan continues: 
"[WJilkinsons position that income disparities account for differences in life expectancy 
is actually based on something of a rhetorical device. He describes two strong lines of 
research that are intuitively related to his argument and implies that the strength of this 
work compensates for the sparse findings of his own theory... I think it is fair to say that 
the empirical evidence for an association between income inequality and health is, as yet, 
suggestive. To imply, intentionally or otherwise, that the work is as compelling as that 
supporting the association between socio-economic status or social support and health is 
misleading. " 
The Wilkinson argument has generated considerable debate and there are now literally 
hundreds of articles written in the past ten years supporting, developing and criticising his 
work (major reviews are provided by Gravelle, 1998; Kawachi and Kennedy, 1999; 
Wagstaff and Doorslaer, 2000; Macinko et al., 2003 and Lynch et al., 2004). Much of this 
interest derives from there being a great deal at stake in policy terms, between the 
competing demands for a policy aimed at material disadvantage and that aimed at social 
cohesion. 
I will attempt to summarise this large body of criticism in terms of empirical critique, 
qualitative challenge, theoretical challenge and methodological challenge. 
2.2.2.1 The empirical critique 
A number of authors contend that Wilkinson's aggregated results are very sensitive to 
how inequality is measured, what countries are included, and the time period used. For 
example, Judge et al., (1998, p567) found 
"[v]ery little support for the view that income inequality is associated with variations in 
average levels of national health in rich industrial countries" 
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when using data from Australia, Belgium, Canada, Finland, France, Germany, Ireland, 
Italy, Luxembourg, the Netherlands, Norway, Sweden, Switzerland, the U. K., and the 
U. S. A, that is 15 countries with better data than that used by Wilkinson. 
Lynch et al., (2000), using aggregated data, plotted life expectancy published by the 
WHO against GDP (purchasing power parity, per capita) measured by the World Bank 
for 155 countries, as showed in Figure 2.11. They found that the relationship between 
absolute income and life expectancy does not plateau as Wilkinson claimed in Figure 2.2. 
Indeed, they found the correlation between life expectancy and GDP/head in this sample 
for the 33 wealthier countries to be r=0.51 (p=0.003). While this is shallower than the 
overall relationship between GDP/capita and life expectancy for all 155 countries, a 
correlation of this magnitude among wealthier countries would seem to qualify as 
evidence of a direct association. They point out that 
"[ijn comparison with Wilkinson s selection of 23 countries, the addition of 10 equally 
wealthy nations that constitute the full sample significantly changes the results " (p405). 
Consequently, 
"[i]t is premature to dismiss the existence and importance of a direct association 
between absolute income and health status among developed nations" (p405). 
In 2001, Lynch et al., wrote a critique that revisited the question of whether income 
inequality is linked with health differences among wealthy economics. They pointed out 
that the evaluation of up to date wider-ranging international comparisons (of rich 
countries) on a variety of health outcomes has failed to find any significant correlation 
with income inequality. They used data provided by the Luxembourg Income Study 
(http: //www. lisproject. org/techdoc. htm) for the period 1989-1991, and health outcomes 
such as low birth weight, life expectancy, self-rated health, and age- and cause-specific 
mortality in 16 countries. 
Figure 2.12a shows the results when Lynch and his colleagues use the same nine OECD 
countries as Wilkinson (Figure 2.5) but analyse the data for 1989-92. As Wilkinson found 
higher egalitarian countries (with lower income inequality) are associated with higher life 
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expectancy (r = -0.45), although more weakly than in Wilkinson's original analysis (r = 
-0.81). After adding data for seven more developed countries (Italy, Spain, France, 
Belgium, Finland, Luxembourg and Denmark), Figure 2.12b shows that there is no longer 
a significant relationship between income inequality and life expectancy (r = -0.009, P= 
0.75). It seems likely that if data from more countries had been available, Wilkinson's 
original study in 1992 would also have found little association between income inequality 
and life expectancy among the rich countries. 
2.2.2.2 The qualitative / interpretivist challenge 
Others have contended that Wilkinson work is too abstract and too generalizing in using 
aggregate data and correlation analysis. For example, Popay (2000) is doubtful about the 
debates between Wilkinson, Lynch and Judge, arguing that 
"[s]ocial capital must be conceptualized as a dynamic process involving people living in 
places... existing research fails to consider subjective, experiential dimension of social 
capital; it needs to move beyond the seemingly endless debates about macro- statistical 
relations... ". 
Figure 2.11 Association between GDP/head adjusted for $US Purchasing Power Parity 
and life expectancy for 155 countries circa 1993 
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Figure 2.12 Income inequality (1989-1992) and life expectancy at birth (1991-1993) (a) 
in the same nine countries used in Wilkinson (1992) in Figure 2.3 and (b) 
in the full sample of 16 countries 
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Working in the same qualitative tradition as Popay, Cattell (2001) undertook an in-depth 
study of two places in London and concluded that 
"[ijn Wilkinson s, use of social cohesion and social capital ... mechanisms such as shame, 
disrespect social anxiety and perceptions of inferiority are induced by interacting with 
people of higher social status. Such mechanisms might well occur in certain situations - 
such as the workplace- but this research suggest that these processes may be less useful 
an explanation for what happens in poor areas... Conversely strong perceptions of 
inequality residents may be motivated to take cooperative action which carries the 
potential for benefiting health " (p1513). 
She continues 
"[a/s a concept which bridges structural and cultural approaches to poverty, social 
capital... is not wholly adequate for explaining the deleterious effects of poverty on 
health " (p1514). 
2.2.2.3 The political/theoretical challenge 
Another set of challenges has come from the ideological left. In 2000, Coburn thought 
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Wilkinson ignores or downplays the causes of inequality and argued that it must be seen 
as an outcome of neo-liberal market ideology, changing class structure and globalisation. 
That is he argues that income inequality is not the root cause of health inequalities, but is 
an intervening variable with the root explanation being the working of the global 
capitalist system. Muntaner (1999) and Muntaner et al., (1999) develop a neo-materialist 
response arguing that Wilkinson psychopathologizes the relatively deprived, omits social 
determinants of disease related to production and indulges in `community blaming' 
whereby an erroneous characterization of working-class communities as non-cohesive 
could be used to justify paternalistic or punitive social policies. Lynch and his colleagues 
(2000) use the air-travel metaphor to make the neo-materialist argument in a direct way. 
They ask why do second- class travellers get backache on long-haul travels. They dismiss 
the psychosocial interpretation that its is due to second-class travellers being able to see 
the better condition found in first class, contending that the real cause is the materialist 
cramped conditions and inadequate seating. 
2.2.2.4 The methodological challenge 
From reading this literature (e. g. Gravelle, 1998; Wagstaff and van Doorslaer, 2000) there 
are four important methodological points to be made. Firstly, much of the literature 
involves relatively simple analysis in which a single measure of income is plotted against 
a measure of health outcome (as in Figures 2.1 to 2.9): this is problematic as it would be 
extremely useful to know if the relationship between mortality and inequality holds when 
account is taken of absolute income and vice versa. Secondly, much of the literature uses 
correlation and not regression. Correlation measures the scatter around the line and not 
the size of the effect as would a regression coefficient. 
Thirdly, much of this literature is cross-sectional and does not consider change over time. 
This is problematic as we should be concerned with transitions: the case for a causal 
relationship is made most powerfully when a change in the cause, be it between income 
or inequality, precedes a change in the outcome of life expectancy and transition. Finally, 
much of this literature is based on aggregate analysis where mean income or inequality of 
a country is related to an overall mean death rate. It is this problem of aggregate analysis 
which is now considered in more depth, preceding the distinctive focus of this thesis. 
Wilkinson's empirical evidence for the income inequality hypothesis is largely based on 
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the result of aggregated data analysis on developed countries. Such an approach can only 
infer relations at the individual level from associations between variables at the 
population level, and might be subject to an ecology fallacy (Rodgers, 1979). That is that 
at least part, and possibly all of the population mortality associated with inequality of 
population level measures, are biased estimates even after conditioning for other 
potentially important determinants of mortality. In the classical analysis of the ecological 
fallacy, Robinson (1950) found that in a "means-on-means" analysis that aggregate 
results for USA States did not match those found for individuals. 
Gravelle (1998) gives the argument a new twist by showing that when there is a 
non-linear relationship at the individual level, an aggregate analysis will shows an 
artefactual relation between the mean of the response and the variance (or inequality) of 
the predictor. In the present case, if there is a non-linear relationship between the 
individual health outcome and individual income, the importance of any relative income 
effect will be a "statistical artefact". 
This is clearly explained by Gravelle's example in Figure 2.13. This picture is under the 
assumption that individual mortality risk (m) is only determined by personal income (y), 
and that there are no other effects, such as income distribution and average income. The 
underlying true relation is a strong non-linear relation between income and health. It is a 
simple example where there are only two countries, A and B, having the same average 
income (y) but different degrees of income distribution such that country B is more 
unequal than A (the range y2B-yIB is greater than y2A-yIA). Country B is a higher 
mortality risk (mB = m1B-m2B: the differences of the function between lowest and 
highest individual income). Under such a non-linear relationship between individual 
income and health outcomes, transferring income from the rich to the poor will help to 
decrease the mortality risk of the poor more than it increases the mortality of the rich. In 
general, as income inequality between countries reduces, population mortality declines 
even though every individual's risk of mortality only depends on their own income level 
and not on the income level of anyone else. 
28 
Figure 2.13 Effect of increased inequality of income on population mortality 
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Source: Gravelle, (BMJ, 1998, p383) 
2.3 THE NEED FOR A MULTILEVEL METHODOLOGY 
To re-iterate, the key crux of Wilkinson argument is that 
"[vi]here income is related to social status, as it is within countries, it is also related to 
health. Where income differences mean little or nothing. for people's position in the social 
hierarchy (such as those between countries), income makes little difference to health. This 
strongly implies that psychosocial pathways are important " (MTG, 2000, p 10-11). 
But as we have just considered, for Gravelle (1998) there is nothing surprising in that 
there is a relationship between income inequality and mean mortality; it is purely an 
artefact of the aggregation process. However, Gravelle does not provide a way of 
transcending the ecological fallacy as for him the analysis is either individual or it is 
aggregate. Here I want to build on his insight by showing that individual data are 
necessary to distinguish between the absolute and relative income hypothesis and that a 
methodology is required that analyses regression-like relationships simultaneously at the 
individual and place level: the so-called multilevel approach. In this section I simulate 
data with known functional relations and then analyse these data firstly as an aggregate 
(and incorrect) analysis in the manner of Wilkinson and then as a multilevel model. 
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2.3.1 Simulation study and aggregate analysis 
A set of income values for 750 individuals for 30 countries are simulated. All countries 
had the same mean income of 750 units but the countries differed in their degree of 
inequality, which was defined in relation to the coefficient of variation (that is the 
standard deviation divided by the mean * 100). The more unequal countries have the 
highest coefficient of variation. The dependent variable, probability of death, was 
generated as a non-linear relationship based on the logarithm of individual income (plus a 
random term). The individual relationship is shown in the graph of Figure 2.14. 
Crucially in generating this data, there is no effect whatsoever of country inequality; it is 
all pure individual-level relations between mortality risk and income. However, when we 
examine Figure 2.15, the aggregate analysis relating mean probability of death to the 
inequality measure (the coefficient of variation) there is clearly a positive strong 
relationship, which is a complete artefact of the aggregation process. 
Figure 2.14 Simulated non-linear relation between income and mortality 
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Unequal countries look to be unhealthy places but this is an outcome of an aggregate 
analysis of an underling non-linear individual relationship. How this comes about is made 
clear by the next graph (Figure 2.16), where we look at the extremes of countries 30 and 
29, which are the most and least equal countries, with blue and red symbols respectively. 
The `blue' country has a greater number of people on low income, who because of the 
non-linearity have a particularly high probability of death, but this is not 
`counterbalanced' by a particularly low mortality for those who individually have high 
income. The `red' country has its people located in the centre of the distribution, and 
there are no particularly poor people with their associated high death rates. 
2.3.2 Multilevel modelling 
The above description of the simulated data makes it clear that we are dealing with data 
with a complex structure of people (individuals) and places. Individual income is needed 
and we need to distinguish between this variable and ecological (place-level) variables of 
mean income and income inequality. Conceptually we can think of a range of results so 
that only individual income affects health; or ecological characteristics affect health in 
addition to individual effects; as that individual and ecological effects work in interaction 
with each other, so that for example poor people in poor places have particularly poor 
health experience. We need to test empirically these rival hypotheses, and the appropriate 
quantitative methods are multilevel models, which provide estimates for data with a 
complex hierarchical structure (Goldstein, 2002). Moreover, only individual-level data 
has the potential to discriminate between such hypotheses. 
To illustrate the structure of a multilevel model, I turn now to a multilevel analysis of the 
simulation analysed incorrectly above. I will begin by fitting a two level null model in 
which probability of death (multiplied by 100) is estimated as an overall average and the 
remaining variation is appear decomposed to between-country and within-country 
variance. It is called a null model because there are no predictor variables except the 
constant and the associated intercept. The simplest possible two-level null model is 
specified as follows: 
Yjj = ßoXoij + (µojXo + soijXo) 
where 
Yid is the probability of death (* 100) for person i in countryj; 
(2.1) 
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X0; ß is a constant, just a set of 1s for each and every individual in every 
country; 
PO is the overall mean probability of death across all countries; 
µoß is the differential in mortality risk for being in country j, from the global 
mean-these are known as the random differential intercepts; and 
c1 is the differential in mortality risk for being person i in country j. 
The I( are assumed to come from a Normal distribution and to be summarised by the 
variance a2uo, while the E01 are also assumed to come from a Normal distribution with a 
variance of a20. Figure 2.17 shows the results of fitting this model in MLwiN (Rasbash 
et al., 2004) to the simulated data. The mean probability of deathx 100 is 34, and around 
this global average there are variances of 0.407 for between country variation (o2 ) and 
11.375 for within country, between-person variability (ß2L. ß)). The figures in brackets are 
the estimated standard errors which can be used to place approximate confidence 
intervals on the parameters. 
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Using a Wald test (Goldstein, 2003) the between-country variance of 0.407 is 
significantly different from zero (p < 0.10). The main question is whether this is a true 
country effect or is it due to the nature of the people within a country, which is a 
compositional effect. 
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Figure 2.17 Results for a two-level null random intercepts model for simulated data 
Probdeath, - N(XB, 0) 
Probdeath, =ß0, cons 
ßoj =34.016(0.170) +ug +eoif 
[u 
03] -N(0, 
i) : Qu ° [0.407(0.224)] 
[e 
ov] 
. -N(0, Q, ) : Spa = [11.375(0.600)] 
-2 *loghkelihood(IGLS Deviance) = 3971.129(750 of 750 cases in use) 
The model is now developed to include log of income for individuals as a predictor, 
seeing what happens to the fit of the model and the size of the between country effect: 
Yij = PoXoij + ßiXt>> + (µooXo + coijX() (2.2) 
where Xt; j is the log of the income of person i in country j centred around the 
global mean across all countries and all individuals; 
and ßi is the overall global relation between mortality and individual income. 
The between-country variance has reduced to 0.002 and is no longer significantly 
different from zero in Figure 2.18. There has also been a substantial reduction in the 
unexplained differences between individuals, as the level 1 variance has fallen from 
11.375 to 3.3. This multilevel model has correctly identified that there are no significant 
between country differences when account is taken of individual income. 
The third model includes two ecological variables 
Yij = POXoi; + PIXIij + al(W) + a2(W2; ) + (µo Xo + Eo,; Xo) (2.3) 
where Wjj is the mean income in country j centred around the global mean across all 
countries having taken account of the individual income-health relation; 
W2J is the level of income inequality in country j centred around the global mean 
across all countries having taken account of the individual income-health relation; 
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and aI estimates the effect of mean country income on individual health 
a2 estimates the effect of country's income inequality on individual health 
The estimated parameters for mean country income and country inequality are correctly 
found not to be significant (Figure 2.19). There are between-place effects in the null 
model, but it goes away when individual income is included. While the aggregate 
analysis cannot distinguish the effect of individual income and income inequality, the 
multilevel model can. 
Figure 2.18 Results for a two-level random intercepts model for simulated data, after 
inclusion of log of individual income 
ProbdeA, - N(XB, 0) 
Probdeatb1 =ßo,, cons + -20.752(0.473)Loginc-6 
ßoij =46.583(0.294) +uoj +e1 
[uo1] -N(O, Stu) : Ou - 0.002(0.035) 
reoX11 ýN(0, z¢) : S2e= [3.300(0.174)] 
-2 *loglikelihood(IGLS Deviance) = 3024.323(750 of 750 cases 
in use) 
Figure 2.19 Results for a two-level random intercepts model for simulated data, after 
inclusion of log of individual income, mean country income and country 
inequality 
Probdeatlý. - N(XB, Q) 
Probdeath =ß0 cons + -20.524(0.481)Login-6, f + 
-0.006(0.005)MeanInci +0.010(0.008)CVAR1 
ßo, 1 = 50.827(3.576) + u + eoij 
[ 
0] 
-N(0,92) : Stu = [0.000(0.000)] 
e 0ýý1 
-N{0, Ste) : S2a = C3.276(0.169)ß r 
-2 *loglikelihood(IGLS Deviance) = 3018.481(750 of 750 cases in use) 
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2.3.3 Multilevel studies 
It is clear from the above methodological discussion that a multilevel approach will allow 
a proper evaluation of the Wilkinson hypothesis. Table 2.1 presents the published studies 
that have used multilevel analyses to investigate the relationship between area-level 
income inequality and individual-level health outcomes, taking into account certain 
individual-level socio-economic predictors (e. g., individual income). This table has been 
updated to December 2005 from Subramanian's paper (2002), omitting studies where a 
full multilevel methodology has not been adopted2. The papers have been found by 
defining "multilevel studies" as those that utilize multilevel data in the form of an 
individual-level health outcome, a set of individual-level socioeconomic predictors (e. g., 
individual income), and an area-level income inequality measure (e. g., State income 
inequality). 
The details of the setting, method and findings are given in summary form in the table, 
but I would like to emphasize three important issues. Firstly, except from Elgar's study in 
2005, no other study uses multiple countries and individual-level health outcome data to 
evaluate Wilkinson's hypothesis at the scale at which he developed it; for him `societies' 
in his relative income hypothesis is defined operationally as countries. Secondly, no study 
examines the hypothesis over an extended period of time. Thirdly, eight out of thirteen 
studies provide support for the income-inequality hypothesis but rest of the studies that 
suggest income inequality is associated with poor health have been carried out within the 
United States. Studies conducted outside the United States have generally failed to find 
an association between income inequality and health. 
A more recent trend is the attempt to unpack the mechanisms involved between income 
inequality and health outcomes, particularly by the mediating process of social cohesion. 
For example, one of the earliest studies, Kawachi et al., (1997) examined the links 
between social capital, defined as per capita density of membership in voluntary groups 
in each state, and levels of social trust as a pathway between income inequality and 
population health. 
2 Some studies have used 'marginal' models in which the standard errors are corrected for within-place 
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Figure 2.20 shows rapid and continuing increases in the number of papers mentioning 
'social capital' since 1998 and this has now reached 75 publications a year in 2005. 





Year of Pubication 
Table 2.2 summaries the existing 16 empirical studies that have applied full multilevel 
analysis to social capital influences on population health. The table has been produced by 
updating until the end of 2005 from Kawachi's review and commentary of 2004. The 
table illustrates the diversity in the choice of indicators used to measure social capital 
across published studies. Some combination of measures of trust, perceived reciprocity, 
and social participation are common in most studies and then these are aggregated to the 
community or State level. Others measures of social cohesion include volunteerism, 
community attachment and electoral participation. Given this diversity of measures of 
social capital and cohesion, it is perhaps unsurprising that there is no consistent 
relationship with health. 
The table identifies two types of study 
1. C only: where C refers to a contextual or ecological variable such as the percent of 
population within a place that are active volunteers; and 
2. C and I: where I refers to social capital variables defined at the individual level, 
such as whether the respondent is an active volunteer or not. 
The nine studies that use only ecological ('C') variables are methodologically problematic 
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as they cannot separate out composition (what is in a place) from context (the difference a 
place makes). Seven out of the sixteen studies research contextual and compositional 
effects simultaneously. One study finds that both are important (Subramanian et al., 2002). 
Two other studies only found significant relationship between individuals' health and 
individual social capital (Lindstrom et al., 2003a, Lindstrom et al., 2003). Of the 
remaindering papers, four papers find partial support for the social capital hypothesis in 
that some element of health outcomes is related to social capital. However, two of these 
(Veenstra, 2005; Merlo et al., 2003) find a relationship that is contrary to the relationship 
that greater social capital results in better health. Clearly there is conflicting evidence here 
and we need to consider well-designed studies that not only model individual and 
contextual effects but allow for interactions between them. Furthermore, none of the 
studies have examined the social capital hypothesis at the country level as originally 
purposed by Wilkinson. 
2.4 RESEARCH QUESTIONS AND ORGANIZATION OF THESIS 
Having reviewed the Wilkinson hypothesis, made the argument for a multilevel approach 
and summarised previous multilevel studies this final section of the chapter consider the 
aims of the rest of this thesis. The primary aim of this thesis is to evaluate empirically the 
Wilkinson argument that the major determinant of health outcome in countries with 
advanced economies are relative inequalities in income, and to do so taking account of 
different sub-populations (based on gender, age and income and allowing for the 
possibility that different countries may experience the effects differently. 
To that end the study is based on four distinct pieces of research, which are all 
international-based comparisons: 
1A global study of changing aggregate mortality patterns: including an examination 
of overall life expectancy for 169 countries. The aim of this analysis is to uncover 
the basic trends in mortality between countries using comparable data and to relate 
these to changing levels of income and income inequality. This is study is the 
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2 Wilkinson's aggregate analysis is potentially flawed for when there is a non-linear 
relationship between income and mortality, a potentially spurious aggregate relation 
will be found between mean mortality and the within-country variability (that is 
inequality) in income. A study is therefore needed whereby an appropriate measure 
of health is related at the individual level to income and simultaneously to average 
income and income inequality at the aggregated level. Given that Wilkinson 
developed his hypothesis in relation to countries as societies, it is crucial to examine 
a wide variety of countries with a wide range of average income and inequalities. 
Moreover, as the Wilkinson argument implies that once countries reach a certain 
stage of development (which he operationalizes as GNP $5000 per capita in 1990), 
inequality takes over from per capita income as the primary determinant of health, 
so it is important that the hypothesis link between health and income inequality is 
examined over time as countries become more developed. This is the subject matter 
of Chapter Four. 
3 Happiness, life satisfaction as well as self-rated health, are among vital components 
of subjective states of well-being. Wilkinson considers that these three variables are 
the result from income inequality. Countries where there is greater inequality, 
experience greater unhappiness, poorer life satisfaction and consequent poorer 
health. In Chapter Five, they are treated as multiple outcomes for the same 
individual to examine the relationship with income, at both the individual and 
country level, further examining the Wilkinson hypothesis that income inequality 
results in poor life indicators on a range of variables. 
4 In Chapter Six, the relationships between self-rated health, and individual and 
societal trust are analyzed. As such, the chapter extends consideration of the 
Wilkinson relative income hypothesis into the realms of social capital and social 
cohesion and their effect on health. As discussed in this chapter, there is 
considerable recent interest in the links between growing income inequality, falling 
social cohesion, increasing psycho-social stress and worsening health. A pertinent 
example for the present analysis is the study by Subramanian et al., (2002) which 
investigated the effect of individual and group-level social trust on self-rated health. 
Their findings are somewhat difficult to interpret as the 40 US communities effect 
was quite different for individuals expressing high and low social trust. In Chapter 
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Six the analysis a replicated uses multilevel models to examine the relationship 
between individual self-rated health and social trust both at individual and country 
level after taking account of individual demographic and income variables. 
Chapters Four, Five and Six all use multilevel models on health and life satisfaction using 
individual data collected on a comparable basis at the global level; the aim of this analysis 
is a direct test of the Wilkinson hypothesis using micro data on individuals and macro data 
on relative inequalities. 
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Chapter 3 
Modelling trajectories of global life expectancy 
3.1 INTRODUCTION 
The overall aim of this chapter is to evaluate the Wilkinson hypothesis, at the global scale 
using aggregated data. But unlike previous work, the analysis is going to be a dynamic 
one. That is, the chapter assesses the effect that income and inequality have on the 
trajectory of life expectancy experienced by countries, during the period 1970-2002. 
More specifically this chapter will: 
  identify broad patterns of change in life expectancy over 30 years; 
  simultaneously examine between- and within-country variation to assess the 
degree to which patterns of life expectancy are becoming more or less similar at 
national and sub-national scales; 
  categorize countries into a small number of groups with distinctive trajectories, 
thereby identify those with improving and those with deteriorating expectancy in 
relation to the general global trend; 
- evaluate the effects of income and of income inequality through time on life 
expectancy trajectories for countries during the study period. 
The modelling will be done for males and females combined, although some differences 
between the sexes will also be commented on, based on detailed modelling not fully 
presented here. 
The chapter is in three parts. First, I outline the data that are used in the analyses and 
consider how these need to be manipulated to achieve the aims outlined above. Second, 
the methodology that will be used to identify the life expectancy trends is described. The 
data have a two-level structure of occasions (annual life expectancy at birth) nested 
within countries. The data are first analysed using a standard, two-level, longitudinal 
analysis (Singer and Willett, 2003). Then, the semi-parametric random coefficient 
approach of Nagin (2005) is used to group and to classify countries with similar 
trajectories, as well as to quantify the likelihood of a particular country belonging to a 
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specific group. The third and final part of the chapter describes a series of models, of 
increasing complexity, to evaluate the Wilkinson hypothesis. 
3.2 DATA 
This section reports on the collation, linkage and cleaning of data, as well as the methods 
of data estimation used to produce a comprehensive global data set. Three data sets are 
manipulated to provide information on the extent of health outcome, income and income 
inequality during the study period for 196 countries. 
3.2.1 Global Life expectancy 
The most reliable way to consider health variations across different nations is to focus on 
mortality (Shaw et al 2002,87). In particular, we need an overall measure that 
summarises the mortality experience of a country. The most suitable single measure is 
life expectancy at birth. This is defined as the average number of years a newborn infant 
would be expected to live if health and living conditions at the time of its birth remained 
the same throughout its life. Although, in general, women have a longer life expectancy 
than men, they also have higher mortality rates during child-bearing years, requiring us to 
differentiate by gender. In practice, life expectancy at birth is a complex indicator which 
has to be calculated through a series of formulae from a life table. Life expectancy can be 
measured for different sub-populations, such as age group, gender and race. Using the 
United States in 1996 as an example, the life table of estimated life expectancy for each 
age group but with both genders combined is given in Table 3.1. 
The rows of this table represent different age groups (x) for a year interval, while the 
columns represent different terms used in the calculation of life expectancy, so that the 
first row of the last column refers to the life expectancy, e(,, ), of those (babies) aged 0 to 1 
based on when they were first born (x = 0). The column gives the overall life expectancy 
at a particular age, in this case for those aged under 1. From left to right, the columns are 
as follows, where x represents a specific age interval: 
  the age interval concerned; 
  q(,, ): proportion of the cohort dying during the age interval; 
  l("): number living at beginning of the year, surviving from the year 
before; 
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  d(x): number of people who died during the year; 
  L(x): the number of person-years lived for a year and 
" T(,, ): the total person-years that people of age x will live on under the same 
condition. 
In the construction of the life table, it is important to realise that the same procedures are 
employed for all age groups in the calculation of L(x), except the youngest and oldest 
cases. The life table begins with an assumption about the population at the beginning of 
the year of age 0,1(o) - 100,000 new born babies in this case. The age-specific mortality 
rate, q(x) is now applied according to the infant mortality rate, that is q(o) = 0.00732. This 
suggests that 732 (d(o)) infants will die during their first year; hence 99,268 survive into 
their second year, age 1-2, giving the estimation of 1(1). The next column, Lýx) gives the 
number of person-years contribution for every year. This is made up of a whole year for 
those 99,268 who are still alive and a fractionally contribution for those who have died 
during the year. By convention, it is assumed that people die on average half way through 
the year, but for those under the age of 1, it is usually assumed that they live only 10 
percent through the year, because most of these deaths are close to birth. Consequently, 
for the first age group, the number of person-years contribution is given by 0.1 x 732 + 
99268 equals 99,365 person years for that cohort. In the last age group, that is those aged 
over 100 years, there is an assumption based on how long on average a person is 
expected to live, given that they have already survived until 100. In the USA table shown, 
it is assumed that this is 2.47 years. Consequently, for the last age group, L(ioo+) is given 
by 2.47 x 1504 equals 3,714 person years. 
The main purpose of the function L(x), is to obtain T(,, ): the total number of person-years 
of those alive after age x. This column is obtained by accumulating across age groups, 
starting at the bottom of the column for the oldest age groups. Thus, T(ioo+) is 3,714 
person years, T(99) is 3,714 + 1,812 that is equal to 5,527 person years, where 1,812 is 
L(99). For those under I the total person years alive is 7,617,716 (T(o)) which is the sum of 
7,518,350 (T(I)) and 99,365 (L(o)). In the final column of the table, life expectancy for 
every person who survives is given for each age interval. This is given by the total 
cumulative person-years alive T(,, ), divided by the total number of people who are alive, 
1(x). For instance, the expectation of life at age 0 in 1996 is e(o) equals 76.18 which is the 
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total number of persons-years to live (7,617,716) after age 0 to 1 divided by the number 
of person alive at age 0 (100,000). 
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(Source: US Department of Health and Human services, 1999, p11) 
A single source, the Health, Nutrition and Population Data Bank 
(http: //devdata. worldbank. org/hnpstats) provides gender-specific life expectancies for 
some 232 countries over the period 1970-2002. In earlier years this is given as an integer 
figure, but more recently and for some countries, the values are given to one decimal 
place. To be consistent these are rounded to integer values throughout the analyses which 
follow. 
The data have a `panel-like' structure (Figure 3.1) with data for years nested within 
countries. However there is considerable imbalance as not all countries report every year 
(e. g. South Korea, where reporting intervals have changed over time) and because `new' 
countries have come into existence in recent years (e. g. Macedonia, FYR became 
independent from Yugoslavia in 1991). Excluding any country with less than 5 
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measurements over the study period leaves data for 196 countries. The graph in Figure 
3.2 is a plot of the raw data with a line drawn for each country for each time point. There 
are clearly substantial differences between countries, and there is obvious volatility over 
time as the lines criss-cross over each other. The data show considerable variation and 
this should allow for a good test of the Wilkinson hypothesis. 
3.2.2 Income and inequality of countries 
The life expectancy at birth data were linked with data on GDP and also data on income 
inequality, in the form of estimated household-income inequality coefficients from the 
University of Texas Inequality project (http: //utip. gov. utexas. edu). These are described 
below, in Section 3.2.2.2 
3.2.2.1 Changing GDP 
The World Bank website (http: //devdata. worldbank. org/hnpstats) provides international 
country-level income data on Gross Domestic Product per capita (GDP pc) (in purchase 
power parity (PPP) for 2003 US dollars) on an annual basis from 1970 to 2000 for some 
232 countries, including all 196 countries used in this study. I have also added 
comparable data for 2001 and 2002 from the World Factbook 
(http: //www. cia. gov/cia/publications/factbook). As stated in Chapter 2, according to the 
definition from the Human Development Report 2001 (United Nations, 2001), GDP pc 
represents the final product of total goods and service at market value for an economy 
shared by its population, including the residents and foreign labour within the territory for 
a period of time. PPP is a rate of exchange that accounts for price differences across 
countries allowing international comparisons at the PPP US$ rate. A PPP US$1 has the 
same purchasing power in the domestic economy as $1 has in the United States. This is 
clearly an ideal source for country year-specific data on a country's absolute income on a 





























































Detailed data is also required for all our countries to match our mortality data, but 
even with United Nations data it was found that considerable amounts were not 
available; therefore the following imputation strategy was adopted. 
Observed GDP was regressed on a cubic polynomial of time in a two-level multilevel 
model (Hedeker, 2005) where level 1 is occasion and level 2 is country. This model 
estimated the general trend across all countries and allowed the trend to vary from 
place to place. Details of this type of modelling will be considered in detail later, but it 
is important to stress that the resultant estimates are `precision-weighted' and 'borrow 
strength': that is, where there is little information on a country's specific trend it will 
be 'shrunk' back towards the global tend (Jones and Bullen, 1994). The predicted 
model estimates of the trend in each country had a correlation in excess of 0.99 with 
the observed trend. Figure 3.3 shows the observed and fitted trend in GDP. 
Figure 3.3 The changing pattern of each country's GDP per capita (ppp) for current 
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3.2.2.2 Changing Inequality 
Obtaining reliable comparable information on income inequality is a substantial 
challenge. Wilkinson, in his work often relies on information for only II developed 
countries. We require inequality to be measured in a consistent way for a large number 
of countries over time to answer our research questions. A key source is the Deininger 
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and Squire (D&S) information provided by the World Bank 
(http: //www. worldbank. org/research/growth/absineq. htm, 1996), which has often been 
used as the major source of data in previous studies of income inequality, but not of 
health outcome. This data have been graded (by Deininger and Squire, 1996) into 
different levels of reliability and there are some 700 country/year observations in the 
"high quality" version data set. Unfortunately these data are highly selective with just 
a few countries providing annual or nearly annual observations over long periods of 
time. The data are not only deficient in coverage but also, even for the high-quality 
data, inequality has been measured inconsistently; some are net income values, others 
are based on expenditure; some are per household and some are per person. 
Consequently, international comparison cannot be done with the D&S dataset because 
there are too many gaps and too much error in their measurements. 
An attractive alternative source of income inequality data comes from the UTIP- 
UNIDO project at the University of Texas (http: //utip. gov. utexas. edu/web/atip. htm). 
This has some 3,200 observations of income inequality over 36 years (1963-1999). 
Basically, they use the manufacture payment data from United Nations Industrial 
Development Organization (UNIDO) which is more precise and more complete for 
countries and times compare to D&S, but has a narrower concept in term of income, 
being confined to only income from manufacturing. They then relate the 
manufacturing income inequality to the D&S high quality household data and input 
missing values to other countries and to other times. To improve predictive power 
they regress manufacturing income inequality (measured by the Theil index) on D&S 
income inequality (measured by the Gini coefficient) and three other factors: 
  "ratio of manufacturing employment to its population" thereby adjusting the 
differences of the manufacturing division in total economic activity from place 
to place; 
  "the share of urban population" wealthy people live in cities hence 
urbanization recognizing rising inequality of income; 
  "population growth rate", to reflect the age structure 
. There are also three dummy variables representing 
four different types of income 
data in the D&S: 
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  household gross income (as base), 
  expenditure income; 
  per capita income; 
" net income. 
The resultant and well-fitting model in diagnostic terms (it has a R-square of 0.63) is 
then used to predict the Gini inequality on the basis of the predictor variables, as the 
dispersion of manufacturing pay is available for a large number of countries. 
Galbraith and Kum (2004) undertake a number of qualitative comparisons to confirm 
that their predictions are an improvement on the lower-quality D&S data. For 
example, average inequality should be higher in Non-OECD' rather than OECD 
countries, but this is not the case in the three years (circled in red) using D&S data 
(see Figure 3.4). It is also apparent that the D&S data show a very high and unlikely 
year-on-year variation. In contrast, the UTIP-UNIDO data show patterns that are 
expected over time according to historical development and specific historical events. 
Figure 3.5 shows a number of examples: the increasing inequality in the former Soviet 
Union countries in central Europe; increases following the Tiananmen Square incident 
in China; and worsening inequality in Southern America countries associated with the 
banking crisis, Falklands War and a military coup. Scandinavia has the expected 
stable distribution of income across the years under its well-established, social- 
welfare system. 
Figure 3.4 Comparison of the average trends of inequality in UTIP-UNIDO and 
D&S data between Non-OECD and OECD countries 
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The same multilevel strategy that was applied to the GDP data was also used to 
impute the trends in the estimated household income inequality (EHII, UTIP-UNIDO) 
data to match the health outcomes data. Figure 3.6 shows the observed data and the 
fitted country-specific trends from the multilevel model. Again there was a correlation 
in excess of 0.99 between the observed and fitted values. 
Figure 3.6 The changing pattern of each country's estimated household income 
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3.2.2.3 Wilkinson's threshold 
As discussed in Chapter Two, Wilkinson has claimed that once economies have 
achieved a threshold level of about S5000 per capita, further increase in per person 
gross national product will have a diminished improvement in life expectancy because 
income inequality becomes the greater determinant of health outcomes (Wilkinson, 
1996 p34). To be consistent this income data has been operationalised as GDP pc PPP 
for, as Firebaugh, (2003) argues, there is no difference between GDP pc and GNP pc 
for studies of health outcomes. The countries will be classified into two types: above 
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and below this threshold according to their GDP pc PPP in 1990 which is the same 
year that Wilkinson used in his 1996 book. 
3.3 METHODOLOGY 
In this section, I discuss an appropriate methodology for 
" identifying the trajectories in mortality over time for the 196 countries; 
" relating those trajectories to GDP of and income inequality within the 
countries, thereby evaluating the Wilkinson hypothesis. 
Use will be made of two modelling strategies to analyse country developmental 
trajectories. These are random effects modelling (that is mixed or multilevel 
modelling), and semi-parametric, group-based modelling. The former - which was 
introduced in Chapter Two and used earlier in this chapter to impute data - estimates 
the average growth of life expectancy among the countries and also estimates the 
variability between countries around this general average. The latter approach 
identifies distinctive groups of developmental trajectories and profiles the shared 
characteristics of group members. Standard multilevel models used as longitudinal 
models have now received extensive treatment in the literature (e. g. the book-length 
treatment of Singer and Willet 2003). However, the group approach is a more recent 
development and will therefore be given a more extended treatment here. 
3.3.1 Random effect modelling 
3.3.1.1 Overall Life expectancy 
Clearly there is a hierarchical structure to the dataset collected for this chapter, in that 
life expectancy measurements through the study period can be conceived as being 
nested within each country. There are also imbalances ('missing data') that will have 
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to be taken into account. Multilevel modelling can deal with such imbalances and 
hierarchical structure. It can also deal with the need to model both country and 
occasions simultaneously, to get an adequate description of the trends (i. e. country 
level differences over and above global trends). A standard multilevel model for 
change, a simple model with two levels, has been specified as follows, to identify 
broad patterns of change in life expectancy: 
Response Fixed Random 
Yij = ßoXoIJ +ß iTij + ß2TiJ2 + ß3TIJ3 + (µooXo +µ ijTii +co X0 +ei ijTij) 
The dependent variable Y11, is overall life expectancy (LE) for year i in country j and 
is related in the fixed part of the model to a cubic polynomial of time. The variable T, 
which represents the orthogonal polynomial of the calendar year, has been centred 
around 1986 so that ßo estimates the global average life expectancy in 1986 and ß, is 
the global linear increase in LE per annum. The use of polynomials allows a non- 
linear trend over time; a cubic polynomial allows up to two changes of direction; 
orthogonal polynomials avoid multi-collinearity problems, which would occur in such 
models if only the square and cube of time were used (Hedeker and Gibbons, 2005). 
Moreover, the use of orthogonal polynomials means that each predictor is on the same 
scale which allows a direct comparison of the magnitudes of the estimated 
coefficients. 
In the random part of the model, there are terms involving linear time at both levels. 3 
The µoj term gives the difference for each country from the global mean in 1986, the 
2 More complex functions of time were evaluated but were found not to be needed in the fixed part. 
3 More complex functions of time were evaluated but were found not to be needed in the random part. 
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so-called random intercept. If poj is positive, then a country has a longer life 
expectancy than the global mean (ßo) in 1986; if negative, then it has a worse 
mortality. The µ1j gives the differential trajectory, or rate of change over time for each 
country; the so-called random slope. If positive it means that the country's life 
expectancy is improving more steeply than the global trend, but a negative value 
suggests a general worsening in relation to the global trajectory. 
These random intercept and slope terms at level 2 are assumed to come from a joint 
multivariate normal distribution for countries 
2 
(Uoj 
1 111) , 








This consequently implies that the between-country variance around the global 
average is given by a quadratic function in time: 
a2uo + 2auo uiTºj+ a2u1Tij2 
Such a quadratic variance function allows for between-country differences to increase, 
decrease or indeed remain unchanged through time. The covariance term in such 
models can be given a direct interpretation: if positive then countries with high life 
expectancy have better improving trajectories and cause even more dissimilarity 
between countries; if negative, it means countries with higher life expectancy are 
losing their relative position over time and so countries will converge toward greater 
homogeneity. 
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The level 1 random terms are co; j, which gives the allowed to vary departure from the 
country specific estimated life expectancy in 1986, and Ei;, which gives the departure 
from the country trend on each occasion. Again it is assumed that the occasion 
specific random terms come from a joint multivariate normal distribution: 
2 
(eoj, eijLN(o, cýe), 
e_2 
6e01 6e1 
This implies that the within country variation is also given by a quadratic function of 
time: 
a2eo + 2ße0 elTij+ a2eITij2 
Such a quadratic variance function allows for between occasion within country 
differences to increase, decrease or indeed remain unchanged through time. All the 
results of this model have been obtained using the software MLWiN (Rasbash et al., 
2000). 
The results from applying the two-level model of overall life expectancy at birth of 
196 countries from year 1970 to 2002 are given in Table 3.2. It can be seen in the fixed 
part that the global mean life expectancy in 1986 ((3o) was 63.05 years, and that a 
cubic polynomial is needed to describe the general trend, as all the z-ratios for the 
fixed part coefficients exceed the 0.05 cut-off of 2. A linear increase in f3, of 0.25 per 
year means that in every 4 years over the period, people live on average 1 year longer. 
In the random part, there are significant effects for all terms, with the exception of the 
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covariance term at level 2. The level 2, between country variations, suggest that there 
is a significant variation between countries in 1986 (a2o is estimated to be 109.9), and 
that there is a significant variation in the trajectories of countries around the global 
trend (G2i is estimated to be 0.044). The non-significance of the co-variance term 
(auoµi of -0.001), suggests that there is little correlation (-0.001) between a country's 
position relative to the global mean in 1986 and its relative trajectory around the 
global trend over the study period. Knowing a country's relative position in the 
middle of the sequence, tell us little about the relative trajectory or rate of change over 
the entire period. 
Table 3.2 Parameter estimates obtained for the model of overall life expectancy: 
fixed and random parts 
Fixed 
Term Estimate SE Z ratio P value 
ßo (1986) 63.05 0.758 83.18 0.00 
ßIT 0.246 0.016 15.38 0.00 
ß2T2 -3.783 0.446 8.48 0.00 
133T3 -0.834 0.232 3.59 0.00 
Random 
Level Terms Estimates SE Correlation Chi-square P value 
2 110 109.9 8.549 1 
165.222 0.00 
2 2ßo iT -0.001 0.159 -0.001 0.000 1.00 
2 ß2a1T2 0.044 0.005 1 70.915 0.00 
1 Deo 0.718 0.111 * 42.153 0.00 
1 26o e, T 0.085 0.111 
* 28.099 0.00 
1 c? e1T2 0.017 0.003 
* 34.407 0.00 
These results are more easily appreciated graphically in Figure 3.7. These figures 
show some interesting and important results. The graph in the top left-hand plot 
shows the estimated global trend derived from the cubic polynomial terms of the fixed 
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part of the model. On average, life expectancy has improved rapidly but appears to 
have peaked in the last decade of the twentieth century. The panel on the top right is 
the between-country variance which shows a marked U-shape. There used to be 
substantial differences between countries in the early 1970s; these converged 
somewhat to the global mean by the mid 1980s but since then there has been 
increasing differences between countries around the generally rising mean. These 
results are not an artefact of centring on 1986. 
The bottom left panel shows the within-country variance as a J-shaped curve over 
time. These within- country differences are much smaller than the between-country 
differences (shown by the different scales on the vertical axes), and suggest that the 
last 15 years have been characterised by an increasing volatility in a country's 
trajectory over time. It is difficult to interpret this, but it may reflect increasing 
sensitivity of the data collection process over time. 
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Table 3.3 gives the estimated variances for three time points at each level. The 
relevant importance of the between country variance in comparison to the within- 
country, between occasion variance is very clear. 
Table 3.3 Level 1 and 2 variances at the beginning, middle and end of the time 
series 








The individual country-level terms are plotted in Figure 3.8. This is a scatter-plot of 
to and µi; with abbreviated country names. Two countries representing the extremes 
of four distinctive patterns have been picked up and highlighted in red. For instance, 
Macao has a higher life expectancy of about 11 years in 1986 than the global average 
and is doing very well through time. 
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Oman has a similar pattern and improves tremendously. In contrast, Rwanda and 
Sierra Leone's life expectancy are not only less than the global average by 18 and 27 
years respectively but they are also getting worse. Japan had the highest longevity in 
1986 and over the period its trend mirrors the global average. Belarus had long life 
expectancy in 1986 but has a worsening experience over time. In contrast, Cambodia 
as well as Gambia have made very good progress from the much lower global average 
LE. 
3.3.1.2 Life expectancy for males and females 
The life expectancy data have so far been for both men and women combined. Results 
are now reported for each sex modelled separately as part of an overall model: 
Yjj =ßoXo+0IT +ß2T2+ß3T3+ß4F+(35F*T+ß6F*T2+ß7F*T3+(µooXo1 +p, jT+ 
µ4JF+ µ5F*T + coyXo + eljjT +E 4iiF+ C 5; jF*T) 
where Y; j is life expectancy for country j at time point i; Xo; j is the constant; T; j is time 
centred around 1986; T2 and T3 provide the cubic polynomial of time, again centred 
around 1986; F is am indicator variable identifying females with a 1, males with a 0; 
and F*T, F*T2 and F*T3 are interactions between the female dummy and the quadratic 
and cubic orthogonal polynomials of time. The fixed parameters now have the 
following meaning: 
PO is the global mean life expectancy for males in 1986; 
ß1, (32, ß3 define the polynomial curve for male life expectancy over time; 
04 is the gender gap for mean life expectancy - the difference between 




ß6, ß7 define the differential trend for females in contrast to males. 
In the random part, there is a complex expression for the variability around the global 
trends between countries that is differentiated for males and females and over time 
where 
µoß is the country differential for males in 1986; 
j is the linear trend for males for each country; 
µ4j is the differential life expectancy from males for each country for 
females in 1986; 
µsi is the extent to which the linear trend for females in a country differs 
from the male trend; 
and the overall variance function is 
(ý2o + 2ß,, o iT+ a2,, 1T2 + 2a,, o u4F + 2aui u4TxF + 
a24F2 + 2auo u5F. T + 2vui u5TxF. T + 
2ßu4 u5F>F. T + cýSF. T2 
It was not possible to fit a more complex model in which the polynomials of time and 
interactions with the female contrast were included; convergence could not be 
achieved4. Table 3.4 gives the model estimates: it can be seen that, in 1986 and on 
average across the globe, females lived some 4.7 years longer than males. It can also 
be seen in the fixed part of the model that there are significant interactions with time 
4 MLwiN using an iterative fitting procedure for which convergence cannot necessarily be guaranteed 
for all models. 
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and time 2 for females. These results can best be appreciated graphically and Figure 
3.9 shows the overall global trend for each sex. It would appear that after a long-term 
increasing of both sexes have seen a `flattening out' of life expectancy during the 
1990's that is more marked for men than women, so that the overall gender gap has 
increased. 
Table 3.4 Model estimates: men and women separately 
Fixed 
Term Estimate SE Z ratio P value 
ßo (1986, Male) 60.86 0.709 85.84 0.000 
PIT 0.243 0.015 16.20 0.000 
132T2 -3.477 0.397 8.76 0.000 
ß3T3 -1.048 0.230 4.56 0.000 
04F 4.682 0.157 29.82 0.000 
ß5F*T 0.019 0.005 3.8 0.000 
ß6F*T2 -0.464 0.206 2.25 0.024 
137F*T3 0.337 0.194 1.74 0.082 
Random 
Level Terms Estimates SE Correlation Chi-square P value 
2 E 0 96.68 7.784 1.000 154.291 0.000 
2 2aoiT -0.016 0.134 -0.008 0.014 0.906 
2 12.1T2 0.040 0.004 1.000 89.938 0.000 
2 2ao4F 11.44 1.132 0.542 102.044 0.000 
2 2at4F*T -0.164 0.037 -0.382 20.013 0.000 
2 E2 4F2 4.614 0.528 1.000 76.406 0.000 
2 2ai0i5F. T 0.105 0.039 0.538 7.253 0.007 
2 2a,. 5F. T*T 0.003 0.001 0.705 7.132 0.008 
2 26u4u5F. T*F -0.002 0.012 -0.045 0.027 0.869 
2 a2u5F2 T2 0.000 0.000 1.000 0.500 0.480 
1 a2e0 0.758 0.108 49.513 0.000 
1 2ae0e1T 0.064 0.012 29.498 0.000 
1 a? e, T2 0.014 0.002 44.665 0.000 
1 2ae0e4F -0.022 0.033 0.434 0.510 
1 2aele4F*T 0.033 0.009 13.496 0.000 
1 a2e4F2 0 0 0 * 
1 2aeoe5F. T 0 0 0 * 
1 2aeie5F. T*T 0.003 0.001 15.083 0.000 
1 2ae4e5F. T*F 0 0 0 * 
1 a2e5F2 0 0 0 
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The random parts of the models are again best appreciated graphically. The right top 
panel and the left bottom panel in Figure 3.8 show the level-2 variance of between- 
country and level-1 variance of between-year, respectively. There are basically the 
same for both sexes and have seen an increase since the early 1980s. Consequently, 
for both males and females, within-country life expectancy has become more volatile 
over time. There is a notable between countries differences with females consistently 
experiencing greater variation. Countries matter a great deal for male life expectancy, 
but they matter even more for females. There general U shaped pattern is, however, 
found for both sexes with increasing divergence in rates around the global average 
being experienced by both sexes since the middle 1980s. The between and within 
country variances are given in Table 3.5. On the basis of combining these differentials 
and the fixed estimates, Figure 3.10 plots the estimated trajectories for all 196 
countries over the period. 
Figure 3.9 Looking at life expectancy for male and females: the Global trend and 
variance functions 
Global trend for males Level 2 Variance 
and females Function 
72 140 
Female 
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Table 3.6 lists the extreme differentials for the µoß, µiß, µzß and µ3-j terms. Thus, in 
comparison to a global average of 61.5 years for men in 1986, Japanese men live 
13.81 years longer, while those in Sierra Leone live 25.79 years shorter. Globally 
women live 4.68 years more than men, but in Russia there is an extra differential of 
5.80 years, while in Nepal the gender gap is reversed (men live longer than females). 
Table 3.5 The Fixed estimates: between country and within country variances for 
1979,1986 and 2002 
Between country variances Year Male Female Gender gap 
1970 107.375 138.327 30.952 
1986 96.683 124.171 27.488 
2002 106.343 133.440 27.097 
Within country variances Year Male Female Gender gap 
1970 2.341 2.999 0.658 
1986 0.758 0.714 0.044 
2002 6.452 9.223 2.771 
Fixed estimate Year Male Female Gender gap 
1970 56.138 60.228 4.090 
1986 61.534 66.306 4.772 
2002 63.105 68.049 4.944 
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3.3.2 Group-based semi-parametric modelling 
A disadvantage of the continuous random-effects approach is that it makes quite 
strong assumptions about the multivariate normality of the country effects. We can see 
from the histogram in Figure 3.11, which shows the country residuals for the 
combined male and female model, that while the u1j, the differential slopes, are 
approximately normally distributed, the uoj, the differential intercepts are negatively 
skewed in comparison to a normal curve with the same mean and standard deviation. 
There are relatively few countries that worse than the global average. An attractive 
alternative is therefore to work with a discrete unspecified distribution for the country 
effects which makes less strong distributional assumptions. In many settings as here, 
it is more natural to classify groups into a small number of types of countries than to 
estimate them as a continuous distribution. 
The remainder of this section is organised into three parts. The first clarifies the 
underlying statistical method of the group-based trajectory model, including the 
theoretical background of the model structure, the equations and the hypothesis 
testing. The second part shows how this technique can be used to find underlying 
trajectories with a simulation dataset of know properties. The third section sets out the 
strategies that will be applied for answering the aims of this study. 
For modelling developmental trajectories, hierarchical modelling (that is multilevel 
modelling; Bryk and Raudenbush 1987,1992; Goldstein 1995) and latent growth 
curve modelling (Meredith and Tisak 1990; Muthen 1989; Willett and Sayer 1994) are 
two main branches of methodology. A third, alternative method - group-based 
trajectory modelling - was suggested by Nagin and Land in 1993. 
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Figure 3.11 Testing the validity of the Normality assumptions contained in the 
multilevel model: (left) for the random intercepts (µo; ); and (right) for 
the random slopes (pik) 
ö 
uoj j 
These three methods are all designed to measure and explain differences across 
population members in their developmental processes. They share the common goal 
of modelling heterogeneity in developmental trajectories but each makes different 
technical assumptions about the distribution of trajectories in the population. It is 
these assumptions that distinguish the three approaches. The two former approaches 
both model the population distribution of trajectories based on continuous distribution 
functions and therefore assume that the parameters are distributed throughout the 
population according to the multivariate normal distribution. However, the group- 
based trajectory modelling takes a qualitatively different approach to modelling 
individual differences. Rather than assuming that the population distribution of 
trajectories varies continuously across individuals and in a fashion that can ultimately 
be explained by a particular multivariate distribution of population parameters 
(usually normal), it assumes that there may be clusters or groupings of distinctive 
developmental trajectories that they may reflect distinctive aetiologies. 
This mixture model is designed to take the unobserved heterogeneity within a 
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population into account through the modelling. As noted by Pickles and Angold 
(2003, p541) "both theoretical and empirical work in statistics has shown that the 
nonparametric estimator of the underlying distribution, essentially the best fitting 
distribution, is just such a set of discrete classes of this kind, even when the 
underlying distribution is continuous ". For this reason, the group-based trajectory 
method is often described as a semi-parametric method. 
The idea of using a finite number of groups to approximate a continuous distribution 
is easily illustrated with an example. Suppose that panel A in Figure 3.12 depicts the 
population distribution of some behaviour Z. In panel B, this same distribution is 
replicated and overlaid with a histogram that approximates its shape. Panel B 
illustrates that any continuous distribution with finite end points can be approximated 
by a discrete distribution (i. e., a histogram) or alternatively by a finite number of 
"points of support" or `mass points' (i. e., the dark shaded "pillars"). A higher number 
of support points yields a discrete distribution which more closely approximates the 
true continuous distribution. However, simulation evidence reported in Brame et al., 
(forthcoming) and Nagin (2005) suggests that relatively few points of support are 
required to approximate reasonably even complex continuous distributions of 
trajectories. 
Figure 3.12 Using groups to approximate an unknown distribution 










O 10 ýp 
Y 
Zj ; Zi zi 
(Source: adapted from Nagin and Land, 1993) 
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3.3.2.1 Structure of the model 
The general structure of the model is as illustrated in Figure 3.13 as a directed acyclic 
graph where arrows indicate the relationship of the outcome variable as a function of 
each variable in the model. Y; 1 is the observed life expectancy for occasion i nested 
within place j. These depend on the time variable Tip (usually as a set of polynomials) 
as well as time-dependent predictor variables X; j which could be measures of 
inequality and GDP. Group membership, ZJk, is defined by whether country j belongs 
to any group k. In practice this is the probability that a country belongs to a specific 
group. The final set of variables, Wj are the time-stable characteristics (or a risk 
factor) that potentially account for group membership. 
The model is appropriate for data with average values changing smoothly as a 
function of the polynomial of time. Sharp changes can be handled through the 
inclusion of time dependent covariates with dummy variables representing regime 
shift. 
Figure 3.13 Directed acyclic graph of the group trajectory model 
Group 











More formally, a growth trajectory model with third order (i. e. cubic, t5) polynomial 
of time can be written as follows: 
Z-z (ýök)zik + Qlý`ft zik + ý1k)tIzlk + f331rt3zik) + ,e f) + su (3.1) 
ft) - Iv(O. aNk}) 
e ý- N(O, Qe ) 
11 if gf-k 
zit 
0 if gi V, k 
gi- multinomial (rr f, 1) 
log 
(xi", 
- ßö O+ ßi k)wJ + Q2(k)wJ + ßä )wJ "k -1,....., (7-1 (3.2) ;J (G) 
In equation 3.1 the observed life expectancy in country j at time i is related to a third 
order polynomial of time. The ßs in this model are regression coefficients which give 
respectively the linear, quadratic and cubic relations between expectancy and time. 
The superscript k indexes the unknown groups and we can have one to G of these, 
each with a potentially different set of estimated ß terms with distinctive trends. In 
this first equation there are two random terms which summarise the unexplained 
variation after the trends have been extracted. The gj are the between-country residual 
differences, while sib are the within-country, between-occasion residual term. 
Assuming a normal distribution with mean 0, they can be summarised respectively in 
2(k) 2 
variance terms j and 6.. The formulation adopted here allows each group of 
places to have a different degree of residual variability and that is why the variance 
terms has the superscript k. 
3 It is common practice in the latent growth literature for a third order polynomial to be used as this is 
complex enough to capture major trends but not too complex that it compromises the ability to fit 
models reliably with convergence. 
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The latent group membership indicator, ZJk is presumed to come from a multinomial 
distribution so in effect we are modelling the underlying probability (1T) that a place 
belongs to a particular group. In the second equation this group membership is related 
to the time independent variables, Wjj etc, through a logit link in a multinomial 
model. Consequently these ßs, when estimated, give the relationship between the log- 
odds of group membership and the characteristics of countries. 
Procedures to fit this model have been implemented by Jones et al., (2001) in their 
"PROC TRAJ" procedure which requires interfacing with SAS. Full details are 
available at http: //www. andrew. cmu. edu/user/bjones/. This software supports three 
different distributions for the observed dependent variable (censored normal, Poisson, 
and Bernoulli). Here the censored normal is used to reflect the fact that life 
expectancy does not lie outside the zero to eighty-five range. This procedure should 
be appropriate for continuous data that are approximately conditionally normally 
distributed (Nagin and Tremblay 1999). 
3.3.2.2 Model selection 
There is still substantial debate over how to use test statistics to determine the number 
of groups to include in the model, as well as the specification of the order of the 
polynomial equation used to represent the shape of each group's trajectory (Ghosh 
and Sen 1985; Titterington et al., 1985). Here the recommendation of Nagin (2005) is 
adopted - to use a Bayesian Information Criterion, calculated as 
BIC = log(L) - 0.5k log(N) +k 
where L is the model's maximized likelihood, N is the sample size, and k is the total 
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number of parameters in the model. The BIC is a `badness' of fit measure which 
penalizes model complexity. Improved goodness of fit will be reflected in the 
likelihood; complexity is represented by the number of parameters which is 
determined by the order of the polynomial used to model each trajectory and the 
number of groups. D'Unger et al. (1998) have shown that the change in the BIC 
between models is an approximation to the log of the Bayes factor. The Bayes factor 
gives the posterior odds that the alternative hypothesis is correct when the prior 
probability that the alternative hypothesis is correct equals one-half. Muthen (2003) 
emphasises that the BIC is not really an index for addressing a model's absolute 
goodness of fit but, instead, is a relative fit measure comparing competing models. 
In summary, model selection works inductively and in two stages. First the models are 
fitted without any time-independent variables but including a third order polynomial 
of time for a single group, and the BIC is calculated. Then two groups are specified 
and the BIC obtained. Next, three groups are fitted then four, five and so on until there 
is no further reduction in the BIC. This is then the most parsimonious model in terms 
of groups with distinctive trends. Once this has been identified, time-independent 
variables are included so as to account for group membership. 
3.3.2.3 Data simulation 
The following section uses simulated data in which the true model is known, to 
explore and to evaluate the capability of the group-based trajectory method to identify 
the distinctive features of a highly irregular but still continuous population 
distribution of trajectories. I have carried out a two stages of data simulation. Firstly, I 
created six different types of underlying trajectory in which the true model is known 
and added in level-one between occasion random noises. Then I added a level-two, 
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between- places variation (of the random intercept form) with differing variability to 
each of the six distinctive trends. This simulation allows us to examine how the 
-5 U5 
Time 
software implementation identifies different group trajectories as well as their level- 
one and -two variances. 
First stage 
The data set comprises 400 places of continuous outcome data which are under six 
types of developmental trajectory across eleven periods. They have been created in 
the software Minitab as follows. It is a data set with two levels structure of occasions 
repeatedly measured through time, and which are nested within places. The distinct 
six types of group trajectory are displayed in Figure 3.14 and the true generating 
equations are given Table 3.7. 











Group one is a polynomial trend related to cubic time and represents 125 places. The 
black curve shows a strong trend with a clear `up and down' cycle through time. 
There are 100 areas in Group 2 with an underlying non-linear one-bend trajectory 
related to quadratic time; this is shown in red. Two linear trends with same slope but 
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opposite signs form the next two groups: the increasing pattern of Group 3 coloured in 
light green and the other, decreasing pattern of Group 4 coloured in dark green. Data 
have been generated for 50 places for each group. The final trajectories are both flat, 
with Group 5 being high (25 places, purple line) and Group 6 being low (50 places; 
yellow line) 
Table 3.7 Detail equations information of six types of places 
Type of Groups No of Places Trajectories 
Groupl: polynomial 125 (31.25%) 13.5 - 3xtime + 0.33xtime` + 0.13 xtime' 
Group2: quadratic 100 (25.00%) 20 + 0.5xtime - 0.25xtime2 Group3: linear 50 (12.50%) 15 +1 xtime 
Group4: linear 50 (12.50%) 15 -1 xtime Groups: high intercept 50 (12.50%) 20 
Group6: low intercept 25 (6.25%) 10 
Figure 3.15 shows the simulated data when level-1 random noise (with a variance of 
3.6) is added to the underlying trends. This is quite a lot of noise to the signal of 
trends such that it is now difficult to discern the underlying patterns. The SAS semi- 
parametric group-based modelling procedure "PROC TRAJ" was now used to group 
the 400 places into a set of places with similar developmental trajectories. 












Table 3.8 gives the BIC results from fitting a sequence of models with one to seven 
groups. In fact two BIC statistics are given by the software; the first is on the basis 
that all the remaining variation lies between places so that there are only 400 
independent observations to form the degrees of freedom. The second assumes that all 
the remaining variation is at level 1 between occasions so that there are some 4,400 
independent observations (that is this BIC is based on the assumption of balanced 
data). Both type of BIC indicate correctly that there are six underlying groups with a 
100% probability of a correct model being identified. 
Having identified the 6 distinct trajectories, the models were refitted with only 
significant (at 0.05 level) polynomial trends included. Figure 3.16 plots the results 
with panel a showing the average of places in each group though time, while Figure 
3.16b plots the predicted values based on the estimated polynomial trends. 
Table 3.8 Both BIC result from SAS 
Groups BIC(400) Diff' Probability' BIC(4400) Diff Probability 
1 -13623.1 0 -13629.1 0 
2 -13236.8 386.27 0 -13248.8 380.28 0 
3 -12961.8 274.98 0 -12979.8 268.99 0 
4 -12848.7 113.12 0 -12872.7 107.13 0 
5 -12675.9 82.14 0 -12702.2 83.34 0 
6 -12569.0 197.59 1 -12594.2 195.20 1 
7 -12586.8 -17.8 0 -12619.2 -25 0 
Table 3.9 gives the results in comparison to the values that were used to generate the 
original data. Clearly, the fitted trajectories closely approximate the true shapes and 
there is also a close correspondence for the percentage of places attributed to each 
group. Even the size of the level 1 random term is correctly estimated. The semi- 
parametric group-based trajectory method has demonstrated unequivocally its 
6 The change of BIC from the model itself to the previous model 
7 The probability of being the correct model 
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capability to capture the unobserved subgroups in the presence of considerable level-1 
random variation. 
Figure 3.16 Results of underlying polynomial trends with six types of place 
trajectories: (a) average of places in each group; and (b) predicted 
values based on the estimated polynomial trends 
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Table 3.9 Estimated results of 6-groups solution 
Group Parameter Estimate (Truth) Error P value 
1 Intercept 13.63 (13.5) 0.15 0.00 
Linear -2.91 (-3) 0.08 0.00 
Quadratic 0.33 (0.33) 0.01 0.00 
Cubic 0.13 (0.13) 0.00 0.00 
2 Intercept 20.34 (20) 0.19 0.00 
Linear 0.48 (0.5) 0.04 0.00 
Quadratic -0.27 (-0.25) 0.01 0.00 
3 Intercept 14.86 (15) 0.16 0.00 
Linear 1.05 (1) 0.05 0.00 
4 Intercept 15.07 (15) 0.16 0.00 
Linear -1.02(-]) 0.05 0.00 
5 Intercept 19.98 (20) 0.17 0.00 
6 Intercept 10.01 (10) 0.23 0.00 
Level one variance 3.60 (3.6) 0.04 0.00 
Group membership (%) Parameter (Truth) Error P-Value 
1 31.35 (31.25) 2.36 0.00 
2 23.97 (25) 2.31 0.00 
3 13.04 (12.5) 1.78 0.00 
4 12.45 (12.5) 1.70 0.00 
5 12.97 (12.5) 1.85 0.00 
6 6.22 (6.25) 1.22 0.00 
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Second stage: 
In the second stage of the simulation, I continued with the same dataset but now 
included extra random variation at the place level. In other words, I added level-two 
random variance of 1.2 to all of the groups, except for Group five which was given a 
larger variance of 1.8. The true relationships are shown in Figure 3.17a for Group 
five, which has a flat trajectory and the larger variance. Figure 3.1 7b shows the lines 
for Group 6 which is again a flat trajectory but now within a tighter distribution. The 
PROC TRAJ command in SAS software was again used to calibrate a range of 
models but now an additional term was included for the variance between places for 
each group in addition to the level-1 variance term and the estimated polynomials. 
Figure 3.17 Underlying trajectories of the places for (a) group 5 and (b) group 6 
a) Trend for group 5 places: b) Trend for group 6 places: 
Heterogeneous around flat, high trajectory homogeneous around flat, low trajectory 
30 30 








Table 3.10 presents the results for the BIC and again six groups are correctly 
identified. The graphs of Figure 3.18 show how well the models with only significant 
terms retained have captured the true trends of the simulated data. The relative size of 
group membership is well estimated (Table 3.11) but this is not as good as before 
(Table 3.9). 
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Table 3.10 Both BIC results for simulated data 
Groups BIC(400) Diff Probability 
correct model 
BIC(4400) Diff Probability 
correct model 
1 -13547.73 * 0 -13554.92 * 0 
2 -13014.80 532.93 0 -13029.19 525.73 0 
3 -12855.93 158.87 0 -12877.51 151.68 0 
4 -12814.16 41.77 0 -12842.94 34.57 0 
5 -12773.02 41.14 0 -12808.99 33.95 0 
6 -12761.61 11.41 1 -12804.78 4.21 1 
7 -12779.59 -17.98 0 -12829.94 -25.16 0 
However there are some problems with the level-2 variances. While Group 5 is 
estimated correctly to have a large variance, an even larger one is found for Group 3. 
The variance for Group 6 is substantially underestimated. However, this is based on 
the smallest number of places. Moreover, the estimates clearly indicate by the size of 
their standard errors that there is a great deal of uncertainty about the estimates of the 
between group variance. The level I variance is very well estimated. In summary 
PROC TRAJ appears very effective at identifying underlying groups with distinctive 
trends even when there is a lot of noise both within groups and between occasions. 
Figure 3.18 Results of underlying polynomial trends with six types of place 
trajectories (a) average of places in each group and (b) predicted values 
based on the estimated polynomial trends 
a) Average b) Predicted 
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Table 3.11 Estimated results of 6-groups solution 
Group Parameter Estimate (Actual) Standard T for HO: Prob>ITI 
Error Parameter=0 
1 Intercept 13.74 (13.5) 0.19 74.08 0.000 
Linear -2.91 (-3.0) 0.08 -35.41 0.000 
Quadratic 0.33 (0.33) 0.01 28.40 0.000 
Cubic 0.13 (0.13) 0.00 29.66 0.000 
2 Intercept 20.06 (20) 0.25 79.09 0.000 
Linear 0.44 (0.5) 0.10 4.67 0.000 
Quadratic -0.26 (-0.25) 0.02 -17.20 0.000 
3 Intercept 14.61 (15) 0.40 36.15 0.000 
Linear 1.06(l) 0.14 7.57 0.000 
4 Intercept 14.89 (15) 0.29 51.63 0.000 
Linear -1.04 (-1) 0.14 -7.73 0.000 
5 Intercept 20.22 (20) 0.41 49.35 0.000 
6 Intercept 9.56 (10) 0.41 23.49 0.000 
Level one 
variance 3.61 (3.6) 0.04 86.80 0.000 
Random 
1 intercept 1.17 (1.2) 0.14 8.35 0.000 
Random 
2 intercept 1.36 (1.2) 0.26 5.32 0.000 
Random 
3 intercept 1.62 (1.2) 0.28 5.82 0.000 
Random 
4 intercept 0.96 (1.2) 0.27 3.57 0.000 
Random 
5 intercept 1.50 (1.8) 0.28 5.32 0.000 
Random 
6 intercept 0.52 (1.2) 0.50 1.04 0.298 
Group Membership 
(%) 
1 31.29 (31.25) 2.38 13.15 0.000 
2 25.96 (25) 2.77 9.39 0.000 
3 12.84 (12.5) 2.02 6.37 0.000 
4 12.19 (12.5) 1.72 7.08 0.000 
5 12.25 (12.5) 2.09 5.86 0.000 
6 5.47 (6.25) 1.19 4.61 0.000 
3.4 RESULTS 
In this section we apply the group-based trajectory procedure to the life expectancy 
data. The results are presented in two parts. First we fit and interpret a sequence of 
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models that identified the underlying groups and their distinct trajectories. Second, 
having identified the groups we include inequality and GDP to predict group 
membership. 
3.4.1 Modelling developmental trajectories 
A sequence of models with one to eleven groups was fitted to the male plus female 
life expectancy data. The results for both type of BIC values (one is based on sample 
size in country level, the other is based on the number of occasions) and the 
probability of obtaining a `correct' model are given in Table 3.12. Here I present each 
model in turn, discuss the distinctive trends and plot the groups geographically in 
Figure 3.19. This process gives a very good idea of world trends in life expectancy 
over thirty years. The maps are based on the group to which each country most 
probably belongs. The estimated percentage of countries in each is given in Table 
3.13. 
Table 3.12 Result for the changes in BIC values for one to eleven groups (both 
types) 
Groups BIC(196) OBIC Probability BIC(3260) OBIC Probability 
correct model correct model 
1 -8376.09 * 0 -8384.52 * 0 
2 -7719.32 656.77 0 -7736.18 648.34 0 
3 -7218.74 500.58 0 -7244.04 492.14 0 
4 -6897.85 320.88 0 -6931.59 312.45 0 
5 -6852.55 45.31 0 -6894.72 36.87 0 
6 -6835.14 17.41 0 -6885.74 8.98 0 
7 -6724.77 110.37 0 -6783.81 101.93 0 
8 -6646.79 77.98 0 -6714.27 69.54 0 
9 -6611.79 35.01 0 -6687.69 26.57 0 
10 -6576.87 34.92 1 -6661.21 26.48 1 
11 -6575.74 1.13 -6668.51 -7.30 
Model 1 (in Figure 3.19) shows the general global trend for the last three decades 
based on treating all countries as belonging to a single group. On average, life 
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expectancy overall is 63.8 years in 1986 and has improved over time with a linear 
increase of 0.24 per year. In other words, every 4 years over the period, life 
expectancy has been raised by an average of 1 year. These results are identical to that 
produced by the fixed part of the multilevel model (Figure 3.7). The two-group 
solution on both BIC measures is a considerably better fit compared with the one 
group trajectory model. In one group are countries of the former Soviet Unions and 
Sub-Saharan Africa countries. This group is estimated to comprise about 21.4 percent 
of the sample population. Their distinctive trend is of a slightly lower life expectancy 
in the 1970s and a worsening experience in the 1990s. The other group consists of the 
rest of the world, including the wealthy economies, and represents over three-quarters 
of all countries. This group enjoys a slightly high life expectancy at the outset of the 
study period and continued improvement. Consequently, over time there has 
developed a substantial life expectancy gap between the two groups of some thirteen 
years. 
Moving from two to three latent groups again brings an improvement in both BIC 
statistics. With this model, Group two includes North Africa, part of the Middle East, 
the Indian sub-continent, some South America countries and most of south Asia. 
These places experience a considerably better improvement over time with increasing 
life expectancy. In contrast, Group one has the worst experience of all, and this is 
mainly found in sub-Sahara Africa and in Eastern European countries. Groups I and 2 
started the 1970s with similar--life expectancies, but 30 years later there was a very 
substantial difference. Gröüp 3 `has 62 percent of all countries and includes Europe, 
Russia, the USA, Cana da, Australia, China as well as much of Latin America and 
-equatorial Africa. These, -- countries 
have the highest Life expectancies but 
improvement over recent years has been relatively small. 
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It is worth stressing at this point, that the classification is non-hierarchical so that the 
new group has some members previously classified to Group one and some that were 
previously in Group two when only two latent classes were allowed. The geography 
of the classification remains however very marked. Of the four groups, the major 
change is that Russian and some central African countries from the former Group 
three, comprising of about 17.6 percent of all countries, now form a new group; This 
Group two, started with a relatively high life expectancy in the early 1970s with a 
little worsening over time. 
For the five-group trajectory model, there is very little change; there is still a 
reduction in the BIC but this is not as great as before. In terms of the trajectories the 
only difference from previous model is that Libya and Oman, which both belonged to 
Group three in the last model, now form a new group, Group 1, with massive progress 
from a very low rate. With six latent groups there is an even smaller improvement in 
the fit, with the major change being that the former Group three has now split into 
new Groups three and five which have a5 year gap in average life expectancy in 1970 
but converge in the last decade of the twentieth century. Geographically, this model 
splits part of Africa, the Middle East and the Indian sub-continent into two groups. 
The procedure of increasing the number of groups was continued until there were 
eleven latent classes. However, it was found that this number of groups was not a 
significant improvement over the ten group solution. Comparing the ten and eleven 
group solutions for both types of BIC (N=196) and BIC (N=3260), the approximation 
of the Bayes factor is 3.1, which represents moderate evidence for model eleven on 
Jeffrey's scale (Wasserman, 2000), and 6.7x10-4 which is strong evidence in favour of 
model ten. Thus, based on Jeffrey's scale as well as the BIC criteria, a ten-group 
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model is the solution with the greatest support; it also meets our requirement of at 
least 1% of the countries is in each trajectory. 
Table 3.13 Group prevalence for each trajectory 
Trajectory Grou p Prevalence (%) 
Model is 2 3 4 5 67 89 101- 
1 100.0 
2 22.4 77.6 
3 8.6 29.2 62.2 
4 4.1 17.6 27.4 50.9 
5 4.1 17.5 26.0 1.7 50.6 
6 4.1 16.7 23.7 0.0 13.7 41.8 
7 4.1 4.2 12.9 33.9 20.3 17.2 7.5 
8 4.1 4.2 12.1 24.0 20.4 7.1 21.9 6.2 
9 3.1 4.1 2.6 13.6 6.5 18.3 17.9 27.4 6.7 
10 3.1 2.6 2.6 14.0 2.1 24.4 14.1 27.8 6.4 2.9 
For the preferred ten-group solution, Table 3.14 has the detailed-estimates and results 
on group membership for each and every trajectory. Group 8 had one of the highest 
life expectancies in 1970 and has shown continued improvement since them. Not 
surprisingly this includes Western and Northern Europe, the USA and Australia but 
also includes China and some South American countries. This trajectory has shown a 
1 year increase in longevity every 5 years over the period. The second best life 
expectancy trajectory is experienced by Group 9. This group had a similar life 
expectancy with Group 8 but has seen no improvement over the period. 
Geographically, they are a very distinctive group in eastern European. 
The worst life expectancy throughout the period is for Group 5. This consists of only 
two countries: Somalia and Afghanistan. They have the lowest life expectancy - 
around 40 years with some improvement over the thirty years. Another small but 
distinctive trajectory which has seen improvement, then reversal, and then 
improvement again is Group 3, which is made up of Tanzania, North Korea and Iraq. 
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Figure 3.19 Trajectories for life expectancy and their distribution geographically 
around the world under various grouping schemes. 
Map Prediction 
Model 1: one-group solution Model 1: one-group solution 
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Figure 3.19 Trajectories for life expectancy and their distribution geographically 
around the world under various grouping schemes (continued) 
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Figure 3.19 Trajectories for life expectancy and their distribution geographically 
around the world under various grouping schemes (continued) 
Map Prediction 
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Four distinctive, declining trajectories are Groups 1,2,4 and 10. Group I has seen the 
worst decline and Group 2 has also suffered a substantial shortening of life 
expectancy. Both of these groups are found exclusively in Sub-Saharan Africa, 
respectively. Group 10 consists of Russia, Ukraine, Georgia, Armenia and 
Kazakhstan. These are again a distinctive geographical group that has seen a decline 
in life expectancy from around 60 years in the 1970s. Group 4 includes most of West 
Africa and Brazil. This trajectory shows an initial improvement and then decline 
during the 1990s. 
Two other similar groups are Group 6 and 7 with both showing substantial 
improvement. The member countries of Group 6 are quite widely distributed 
89 
geographically and include the Indian sub-continent and some North African and 
South American countries. Group 7 includes most of North African and two South 
American countries (Peru and Bolivia) have been labelled "LE 55 in 1970 with 
substantial improvement" and "LE 50 in 1970 with substantial improvement", 
respectively. By the end of the twentieth century these trajectories of Groups 6 and 7 
had converged to be the third highest group of life expectancies. 
The analysis was then repeated for males and females separately, and somewhat 
different results were found for each sex. The final results are shown in Figure 3.20. 
According to both BICs, ten latent groups provide the best classification for males but 
fourteen are needed to account for the trends for females. There are some similarities 
and dissimilarities in term of geographical distributions and patterns. Briefly, the 
grouping is similar for both genders but female require a finer classification. 
Those countries with the highest life expectancy trajectories for females which are 
gradually rising through time, Group 11 and Group 13, are western countries, which 
are very similar to the trends for males but are some 10 years higher. It is the same 
improving trend from around 50 to 65 years across the 30 study period for Group 7 
for male and Group 9 for female with similar countries involved, (e. g. North Africa 
and Indonesia). The countries of India, Mongolia, Peru, Bolivia, Egypt, Turkey and 
Sudan, which formed Group 8 for males and Group 10 for females, have increasing 
longevity for both genders, but the slope is steeper for females. Sub-Sahara Africa is 
still the area with lowest life expectancy: it saw progress in the 1970s and 1980s but 
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For males living in the countries of the former Soviet Union, there has been a decline 
from about 62 years in 1970 to 58 in 2002, with Group 2 and Group 3 both showing a 
decline but with Group 3 typically experiencing a five year shorter life span, For 
females these countries do not show the declining trend with life expectancy being 
steady at 73 years, that is Group 12. In general Females have a wider range of life 
expectancies around the world than males, and this range gets wider during the study 
period. 
Figure 3.20 Trajectories in life expectancy for males and females and their 
distribution geographically around the world (ten group solution) 
Map Prediction 
Model male: ten-group solution Model male: ten-group solution 
80 
ýº 

















' ` 1170 1'i1{() 1 I If) 171)i) 
Year 
Model female: fourteen-group solution Model female: fourteen-group solution 
80 - G1 
G11 

















1970 1980 1)JD 2000 
Year 
3.4.2 Modelling group membership with time varying covariates 
So far we have identified distinctive trajectories of life expectancy but we have not 
tried to account for these identified trends using the key variables of the Wilkinson 
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hypothesis. I now do so by including these variables as time varying covariates. The 
capability of including time varying covariates in addition to time itself in the group- 
trajectory model has been demonstrated by Jones, Nagin and Roeder (2001) and by 
Jones and Nagin (2006). 
The PROC TRAJ software allows the estimation of trajectories for each identified 
group conditioning on a set of values for time-varying covariates. That is, we can 
estimate different trajectories of life expectancy taking account of the changing 
effects of annual country income and income inequality - the key variables of the 
Wilkinson hypothesis. Once the model has been estimated we can also undertake a 
number of `what if' scenarios. 
The analysis is now limited to a 25 year (1975-1999) period of life expectancy data 
for the 196 countries, permitting corresponding data to be obtained for mortality and 
the income variables. Also, for clarity and to allow model estimation, attention is 
focussed on the four group solution for the males and females combined. It will be 
recalled that the largest reduction in the BIC reported in Table 3.11 was achieved as 
the number of trajectories was increased from 3 to 4.8 
The sequence of model building and predicting is as follows. 
(1) Estimating four trajectories relating life expectancy over 25 years to a third 
order polynomial of time in the model and with four, level two, random 
intercept variances. 
g This is a common practice in the latent trajectory modelling literature. 
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(2) Assessing the effects of the time-varying variables income (GDP pc PPP) and 
income inequality derived from UTIP-UNIDO. The effects are first assessed 
separately and then as an interaction. 
(3) Predicting changing life expectancy developmental trajectories given different 
underlying assumptions for income and income inequality conditions, based 
on the following assumptions (compared to the global average): 
- all countries are as egalitarian as Sweden (Wilkinson refers to it as the 
most egalitarian country in the world); 
- the whole World is as the most unequal country in the data set (equal to 
coefficient of EHII at 64) or as equal as the most equal country (equal 
to coefficient of EHII at 18); 
- all countries are in poverty (equal to coefficient of GDP at $1,000); 
- every country is affluent (as wealthy as Luxembourg); 
In terms of these `what if' scenarios I have arbitrarily chosen to make the changes in 
the year 1986 that is roughly mid way through the period. 
Figure 3.21a shows the four identified groups of life expectancy trajectories for the 
period 1975 to 1999. They can be labelled `best LE (blue)', `steady LE (red)', 
`improving LE (green)' and `worst LE (black)' There is very little change from Model 
4 (which uses the slightly longer time sequence) in either the trajectory patterns or 
their geographical distribution (compare Model 4 in Figure 3.19). However, when 
taking account of time-varying country income (GDP pc ppp), it is shown to have a 
large influence on all of the patterns, in particular, the `improving LE' and `worst LE' 
groups - as shown in Figure 3.2lb. All these estimates are plotted for when GDP is 
set at the global average in 1986. Countries with the improving LE trajectory (in 
North Africa and the Middle East) are seen to improve even more across the study 
94 
period when account is taken of how rich each country is. In contrast, Sub-Sahara 
Africa used to have worst LE, and this becomes even worse when GDP is taken into 
account. Giving changing GDP, the gap between 'best LE' (most western countries) 
and `steady LE' (former Soviet Union States) closed in the late 1990s. Indeed given 
how rich it is, the USA has 'swapped' group membership from 'best LE' into `steady 
LE' 
In Figure 3.21 c, time-varying income inequality is included in the model as the sole 
time-varying term. The effect of income inequality does not change the patterns a 
great deal. Indeed, the `slopes' of the trajectories are markedly the same. The only real 
change is that in taking account of income inequality, the `improving LE' group now 
has a consistently higher life expectancy than the `steady LE' one. Again, these 
predictions are made for when inequality it at its average value in 1986. The detailed 
information on the estimates of the model with GDP and inequality (EH11) as main 
effects and also as interaction terms are given in Table 3.14; the trends are plotted in 
Figure 3.21 d. 
Figure 3.21 Life expectancy trajectories and their geographical distribution around 
the world under four-groups solution before and after including income 
and inequality time varying covariates 
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Given the central importance of these results as a first test of the Wilkinson 
hypothesis, the remainder of this chapter is spent discussing them, before being 
incorporated into the `what if' scenarios. In Figure 3.22 the relationship between life 
expectancy and each predictor are plotted separately for each group. The resulting 
`contour' plot of life expectancy shows the effect of the interaction between GDP and 
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inequality on health; the axes for both GDP and inequality are based on the range of 
values experienced by the countries belonging to that group. 
Table 3.15 Four-group life expectancy model with GDP and inequality as time 
varying predictors 
Groups Worst LE Improving LE Steady LE Best LE 
Intercept (SE) 53.30 (3.82) 61.84 (1.09) 62.67 (2.39) 67.58 (0.98) 
Year/10 (SE) -1.96 (0.21) 5.56 0.11 0.35 0.11 2.90 0.08 
Year/10 SE -4.80 0.25 -0.44 (0.12) -1.47 (0.17) -0.28 0.08 
GDP 0.32 0.40 0.13 0.06 0.33 0.04 -0.01 (0.01) 
EIIII -0.37 (0.35) 0.07 0.04 -0.04(0.0 5 . -018(0.02) Interaction -0.07 (0.04) 0.04 0.00 -0.01 0.00 0.01 (0.00) 
Level one variance: 1.06 (0.02) 
Random 5.55 (1.37) 6.18 (0.73) 11.58 (1.62) 9.00 (0.70) 
Intere pt (SE) 
Group 5.39 (1.76) 23.73 (3.38) 16.22 (3.12) 54.65 (4.09) 
membership 
Countries Botswana, Kenya, Albania. Algeria. Angola, Armenia Belarua. Burund, Afghanistan, Samoa. Antigua & Lesotho, Liberia, Australia, Bahrain. Bangladesh, Cameroon. Central African Barbuda. Argentina. Aruba. Austria, 
included MaIawL S Africa Belgium, Bhutan. Bolivia. Republic, Colombia, Congo, Azerbaijan, The Bahamas, Barbados, Uganda Zambia, Cambodia. Cape Verde, Chile, Cote d'lvory, Estonia Ethiopia Belize, Benin, Bosnia & Herzegovina, 
Zimbabwe Comoros. Dominica. Ecuador. Fiji. Iraq, Kazakhstan. N Korea. Brazil. Brunei, Bulgaria, Burkina Faso. 
Egypt, EI Salvador. Equatorial, Lithuania. Malaysia. Mexico, Canada Chad, Jersey, China, Congo, 
Guinea. Gabon. The Gambia. Mozambique. Oman. Romania DRC. Costa Rica, Croatia, Cuba. 
Ghana, Guano Guatemala. Russte. Rwanda, St. Lucia. St. Cyprus, Czech Republic, Denmark, 
Honduras, Hong Kong (China). Vincent & the Grenadines. Djibouti. Eritrea. Finland, France, 
India. Indonesia. Iran. Jordan. Swaziland. Tanzania. Ukraine French Polynesia. Georgia, Germany. 
Kiribati. Kuwait, Laos. Libya Greece, Greenland, Guadeloupe. 
Macao (China). Maldives, Guinea. Guinea-Bissau. Guyana. Haiti. 
Micronesia. Mongolia. Hungary, Iceland Ireland Israel. Italy. 
Morocco, Nepal. New Jamaica. Japan. S Korea, Kyrgyzslan, 
Caledonia. Nicaragua. Pakistan. Latvia Lebanon. Luxembourg, 
Papua New Guinea, Peru, Macedonia, Madagascar, Mali, Malta. 
Philippines Martinique. Mauritania, Mauritius, 
Qatar, Saudi Arabia. Senegal. Moldova. Myanmar, Namibia. 
Slovenia. Solomon Is.. St. Kitte Netherlands, Netherlands Antilles, New 
& Nevis, Sudan. Syria, Zealand, Niger. Nigeria, Norway, 
Thailand. Tonga, Tunisia. Panama. Paraguay, Poland. Portugal, 
Turkey, United Arab Emirates, Puerto Rico. Reunion. San Tome & 
Vanuatu. Vutnam Principe. Seychelles, Sierra Leone. 
Singapore, Slovakia 
Somalia, Spain. Sri Lanka. Suriname, 
Sweden, Switzerland, Taiwan, 
Tgjikistan. Togo. Trinidad & Tobago. 
Turkmenistan., United Kingdom. United 
States. Uruguay. Uzbekistan. Venezuela 
Vugm Is., West Bank. Gaza Strip, 
Yemen. Yugoslavia 
Taking each group at a time, Group 1 is found to have the worst life expectancy and 
represents Sub-Saharan Africa. For this group, with its low values of GDP and high 
values of inequality, the contour plot (Figure 3.22a) shows that higher life expectancy 
is to be found where the country is relatively rich (within the group) and where the 
country is relatively equal (in terms of income). The estimated parameters are the 
largest in comparison to the other groups, however none of the three terms (main 
effects and interaction) are significant - this may reflect that with a relatively small 
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number of countries there is insufficient power to detect significant effects. 
The next contour plot (Figure 3.22b) shows the results for the improving LE Group 
and includes countries in North Africa and the Indian subcontinent. Here the main 
effect for GDP is significant and positive, as is the interaction; the effect for inequality 
is positive but not significant. Greatest life expectancy is to be found in the richer 
countries and the ones that have greater income inequality. Group 3, which contains 
the countries of the former Soviet Union and central Africa, is shown by Figure 3.21d 
to have a steady increase in life expectancy when account is taken of GDP and 
inequality with regard to the estimates of Table 3.14, while there is a significant 
positive effect for GDP, the effects for the inequality and the interaction are not 
significant. This is shown clearly on the contour plot of Figure 3.22c where life 
expectancy only increases as GDP increases. In this group of countries, inequality has 
little effect. 
Finally, we come to the largest group of countries, with the best life expectancy and 
which represents the advanced economies of the West. As correctly predicted by the 
Wilkinson hypothesis, the effect for GDP is small and insignificant; however and 
again as correctly predicted by the hypothesis, the effect for inequality is significant 
and negative. The contour plot shows that the highest life expectancy is for the lowest 
inequality. 
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Figure 3.23 shows the effect of different 'what if' scenarios on life expectancy trend 
of each group trajectory. Before 1986 the values of income and inequality were kept at 
their global average value (GDP of ten thousand US dollars and an inequality of 40), 
but after 1986 a range of scenarios are applied. These are mentioned above and 
assume that the world has a uniform degree of inequality - equal to: Sweden in 1981; 
the country with most income equality (Latvia, 1975); and the country with least 
income equality (Togo, 1999). Various assumptions are also made of GDP post-1986: 
the same as the poorest in the data set (Bosnia and Herzegovina in 1975); and the 
same as the richest country (Luxembourg in 1999). 
The plots of the countries with the worst changing life expectancy patterns are given 
in Figure 3.23a. Both inequality and GDP have sizeable effects with people living 
longer when a country' income higher and with narrower income distribution. In 
comparison to the global average inequality (black line), life expectancy at birth 
increases by about 8 and 4 years when every country become the most equal (red line) 
and as equal as Sweden, respectively (blue line), but it decreases by 8 years if they are 
the most unequal countries (green line, the higher degree of inequality, the worsening 
in life expectancy). However, the effect in GDP comparing to their global average 
income (black line) is that the life expectancy rises by about 10 years when a country 
is more developed with highest income as Luxembourg but declines more than three 
when a country is in most disadvantage material life as Bosnia and Herzegovina. 
In countries of improving life expectancy in Figure 3.23 b), the effect of inequality 
not only has smaller differential impact between most equality and most inequality 
but also with opposite order, in that more unequal income distribution will improve 
life expectancy. Similar income effect pattern happens to improving LE countries as 
100 
countries with worst LE but with smaller differential degree. There is no significant 
inequality effect but large income effect to countries with steady LE. Income is the 
most important factor for those Former Soviet Unite countries to improve their life 
expectancy but inequality does not matter much (see Figure 3.23 c). 
In Figure 3.23 d), the patterns for Best LE countries are slightly increasing for both 
effects of income and income inequality on global average. If a country is as equal as 
Sweden or the most equal country, life expectancy increases by less than 5 years and 
the later is increasing even more than the former. However, the degree of a country's 
income has no significant impact in life expectancy. This supports Wilkinson's 
hypothesis that what matters to a developed country is the degree of income 
distribution but not absolute income. 
3.5 CONCLUSIONS 
Over the last three decades, the global life expectancy of both males and females has 
increased, but the trend at the millennium has levelled off. Women having consistently 
have higher life expectancy than men, both sexes have experienced this recent 
levelling. There is a relatively large between-country variation that converged towards 
the mid 1980s but diverged subsequently, with the variation being greater for women 
than for men. When the group trajectory model is applied on the dataset compiled for 
this research, it has been able clearly to identify groups of countries with distinctive 
trends: some groups with increasing life expectancy trajectories; some with declining 
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These trajectories have been shown to have a clear spatial expression. Importantly, the 
results from this study suggest it is important and necessary to look at developmental 
trajectories of countries in a number of small groups, because the effect on life 
expectancy of a country's income and income inequality is different from one group 
to another. For example, and at the extremes, western countries have the highest life 
expectancy which increases through time, whereas Sub Sahara Africa countries have 
high mortality that has substantially worsened during the last thirty years. Former 
Soviet bloc countries also show a very distinctive pattern, with generally steady and 
high life expectancy during the study period but losing some years after the collapse 
of communism. 
GDP and income inequality have been shown to have varying effects on life 
expectancy - and importantly this effect is differentiated for different groups of 
countries. Support has been found for the Wilkinson's hypothesis not only in the most 
wealthy economies (which Wilkinson generally studies) but also some other less 
wealthy countries. In this research it also appears that a country's income is vital for 
countries (mostly North Africa countries) with large increasing life expectancy 
positively related to GDP, as well as steady life expectancy countries such as Former 
Communist States. However, the degree of income distribution affecting these two 
groups of countries is insignificant. 
As expected, increases in GDP are found to improve people's health but inequality 
worsens it in developing countries such as Sub-Sahara Africa which suffer 
disadvantaged living standards. However, both income and income inequality are not 
statistically significant. In the countries with the best life-expectancy which tend to be 
developed countries, when analysis is undertaken at this aggregate level and over 
104 
aý 'ý 1", ýý.: r 
time; the trends are as predicted by Wilkinson. GDP has little effect on longevity 




Global variations in self-reported health: an 
analysis of the World Values Survey 
4.1 INTRODUCTION 
As discussed in Chapter Two, Wilkinson relies to a large extent of empirical support for 
his relative-income hypothesis on global studies of income inequality and mortality 
where `societies' are defined operationally as countries. However, as demonstrated in 
Chapter Two, Wilkinson's aggregate analysis is potentially flawed for when there is a 
non-linear relationship between income and mortality; a spurious aggregate relation will 
be found between mean mortality and the within-country variability (that is inequality) in 
income. A study is therefore needed whereby an appropriate measure of health is related 
at the individual level to income and simultaneously to average income and income 
inequality. Given that Wilkinson developed his hypothesis in relation to countries as 
societies, it is crucial to examine a wide variety of countries with a wide range of average 
income and inequalities. Moreover, as the Wilkinson argument implies that once 
countries reach a certain stage of development (which he operationalizes as GNP $5000 
per capita in 1990), inequality takes over from per capita income as the primary 
determinant of health, it is important that the hypothesis is examined over time as 
countries become more developed. 
There are two important objectives in this chapter. First, I am going to analyse how 
people's health outcome is related to income at an individual level after taking account of 
individual demographic characteristics such as age, sex and marital status. This is to 
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determine whether the first element of Gravelle's (1998) critique of Wilkinson's 
hypothesis is supported, in particular, if there is a non-linear relationship between income 
and mortality. Second, I will then examine whether individual ill health is related to a 
country's wealth and inequality once individual income is taken into account to see if, as 
Gravelle claims, the relative income inequality hypothesis is an artefact of aggregate data 
analysis. 
The argument was made in Chapter Two that no individual-based studies to date have 
evaluated the hypothesis at the scale they were originally formulated, that is countries. 
This is remedied in this chapter by using individual data derived from the World Values 
Survey (WVS) analysed by an appropriate multilevel modelling methodology. The data 
set has been assembled from 69 country cohorts across 4 waves: 1981,1990,1995-97 and 
1999-2001. The WVS not only includes a variety of variables about individual health and 
feelings such as self-rated health and happiness etc, but also has information on personal 
demographic characteristics and individual income. Consequently, the main question to 
be addressed using the WVS data is whether income at the individual level and income 
inequality at the national level affects the self-rated health of individuals. 
In addition, the hypothesis will be tested whether the relationship between income and 
self-rated health is stronger in more equal countries than unequal ones. This is a 
cross-level interaction between individual and country characteristics. It is summarized in 
a graphical way below so that path 1 is the individual income effect, path 2 is the macro, 
country-level inequality effect and path 3 is the cross-level interaction whereby, for 
example, the difference between poor and rich individuals is exacerbated in countries 
with unequal income. 
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: ountry level 
ndividual level 
INCOME SELF-RATED HEALTH 
1 
* Micro (=1), Macro (=2), and cross-level interaction (=3) effects on Self-rated health. 
The specific research goals for this chapter are 
0 To assess the between-country and between-wave differences for self-rated 
health 
0 To evaluate the individual effect of demographic characteristics and 
socio-economic indicators on self-rated health 
0 To examine the form of the relation between individual income and health to 
assesses if it is linear or non-linear 
" To examine the relationship between country income and self-rated health for 
countries above and below five thousands US dollars in GDP (purchase power 
parity) per capita in 1990 separately 
" To estimate the relationship between self-rated health and income inequality for 
countries above and below five thousands US dollars in GDP (purchase power 
parity) per capita in 1990 separately 
" To estimate whether the individual income effects on self-rated health are 
influenced by the income inequality of the countries 
" To consider the remaining between-country variation after taking account of 
individual income, GDP, and inequality 
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0 To evaluate the hypothesis that there are unhealthy communities (defined as 
countries) as well as unhealthy individuals. 
The remainder of the chapter is in three parts; data, methodology, and results with 
discussion. First, in the data section, the question employed to operationalize ill-health 
will be listed and how the WVS dataset needs to be manipulated to achieve the objectives 
outlined above will be considered. Second, the technique of multinomial multilevel 
modelling will be described in detail. This is used here because the response variable has 
three categories (good, fair and poor health) thereby requiring multinomial modelling; 
and the WVS data has a four-level structure of outcome measurement nested within 
individuals who are nested within different waves, with countries at the top of the 
hierarchical structure, thereby requiring multilevel modelling. This methodology allows 
us to model the micro level (age, sex and individual income), the macro level (mean 
income and income inequality) and the cross-level interactions between individual 
income and income inequality. The final part of the chapter reports a series of models of 
increasing complexity to evaluate the Wilkinson's hypothesis and a number of 
alternatives. 
4.2 DATA 
4.2.1 The World Value Survey data 
In this section, the main focus is on what data are required to test the Wilkinson's 
hypothesis and how the World Value Survey (WVS), which provides individual records, 
meets these requirements. There are also brief discussion of two country-level data sets, 
representing a country's income and its income distribution. These two latter data sets 
have been already considered and employed in Chapter Three. They provide information 
across the study period as well as for a large range of countries. Preparing an appropriate 
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global dataset involved a considerable amount of data processing including collation, 
linkage and cleaning. The undertaken process will be outlined here briefly. 
Wilkinson in his work has mainly used mortality statistics to evaluate his hypothesis. 
Indeed, mortality statistics are widely used, and are the most specific indicator for 
monitoring the health of a general population (Alderson, 1988), especially when 
considering health variations across different nations (Shaw et al., 2002, p87). However, 
death records are usually only available in aggregated form, and such data do normally 
include linked key variables such as income; also routine data usually have very little 
information on those that form the denominator, individuals who are still alive. 
Therefore an alternative indicator of health is needed and I have used the "self-rated 
health" as this is measured at the individual level in the cross-sectional cohort study of 
the WVS data set. This variable has been collected by asking respondents "All in all, how 
would you describe your state of health these days? Would you say it is excellent, very 
good, good, fair, poor or don't know? ". There is an extensive amount of literature 
(reviewed in Idler and Benyamini, 1997) that shows this indicator to be a valid 
instrument, and capable of assessing mortality risk independent of other medical, 
behavioural and psychosocial risk factors. Furthermore, it has also been shown in 
longitudinal studies that self-rated health predicts the onset of disability (Wilcox et al, 
1996). Normally, this question is asked conditionally on a person's age, that is with the 
proviso "in comparison to someone of your age; would you say health is excellent, very 
good, good, fair, poor or don't know? ". However, this has not been done in the WVS and 
during the modelling stage; therefore, it has to condition on age. 
The WVS is a world-wide investigation of socio-cultural and political change. It consists 
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of representative national surveys of the basic values and beliefs of the general public in 
69 countries. It builds on the European Values Surveys, first carried out in 1981. A second 
wave of surveys, designed for global use, was completed in 1990-1991, a third wave was 
carried out in 1995-1996 and a fourth wave took place in 1999-2001. For each country 
there are interviews with a representative national sample of at least 1,000 people, which 
are weighted to reflect each country's population. ' The countries surveyed represent 
almost 80 percent of the world's population. Further details are given at 
http: //wvs. isr. umich. edu, and http: //www. worldvaluessurvey. org, websites and in the 
major book by Inglehart (1997). The first three waves have been obtained from the UK 
Data Archive; the 1999-2001 wave was available in April 2004, from a CD ROM 
accompanying the book Human Beliefs and Values (Inglehart et al., 2004). 
The key feature of the WVS data set is that the data are available for individuals and has 
not been aggregated. More importantly, a single survey questionnaire has been used to 
collect the data from a large number of countries according to scientific (random) 
sampling procedures. Data was obtained not only on individual self-rated health, but also 
on household income, social-demographic variables (i. e. age, sex and marital status), and 
other variables pertinent to the Wilkinson hypothesis, such as happiness and life 
satisfaction, (these will be employed as the multivariate outcomes in Chapter Five). 
Consequently, this data provides an ideal empirical test of the relative-income hypothesis. 
When studying Wilkinson's income inequality hypothesis, the effect of a range of 
individual characteristics and income need to be taken into account such as age, gender, 
and married status. Age and gender structure of a population are key demographic factors 
1 These sample weights will be used in the multilevel analysis. 
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as well as married status, which have been frequently considered in previous health 
inequality studies (Table 2.1 in Chapter Two). Respondents' current marriage status is 
categorized into seven conditions (married, live together as married, divorced, separated, 
widowed, single and unknown). Individual income is measured on a decile scale of 
income distribution of household counting all wages, salaries, pensions and other 
incomes before taxes and other deductions. These are all included in the WVS data set; 
and the Appendix 1 lists the exact questions used in the survey. 
4.2.2 Income and income inequality of countries 
There are two global data sets on country GDP and income inequality, which are needed 
to evaluate Wilkinson's income inequality hypothesis. Here I will briefly give a 
description of the country level income and income inequality indices, and their linkages 
with the WVS as differentiated from Chapter Three, without overly replicating the same 
information. The World Bank website provides international country-level income data 
on GDP per capita (purchase power parity in 2004 US dollars) on an annual basis, from 
1970 to 2000 for some 232 countries. This is clearly an ideal source for wave-specific 
data on a country's absolute income on a comparable basis. 
One source of inequality data is the Deininger and Squire (D&S) information provided at 
the World Bank website, which has often been used as the major source of data in 
previous studies. In practice, using the data as the main source for all countries found in 
the WVS would result in a lack of high quality information. Consequently, much of the 
richness of the individual data of the WVS would have to be omitted, if this was the only 
source of information that could be used. The second source of income inequality data 
comes from the UTIP-UNIDO project at the University of Texas. This has some 3,200 
observations over 36 years (1963-1999). 
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All four data sets are being able to be merged so that there is both micro and macro 
information for 1981,1991,1995-7,1999-2000. In some instances, it is not able to link 
inequality data to be contemporaneous with the year of the WVS. When this is the case, a 
lag of up to 5 years is allowed before treating the data as missing. Table 4.1 gives the 
countries and wave data with sample numbers that form the basis of the cleaned and 
linked data. Figure 4.1 shows considerable variation between both wave and country 
when absolute country income (GDP) is plotted against income inequality (EHII, 
UTIP-UNIDO index). Consequently, this should allow a good test of the Wilkinson 
hypothesis as overall, countries experience considerable variation in income and/or 
income inequality. 
4.2.3 Preparing to model 
In order to facilitate comparisons with previous studies, the dependent variable, self-rated 
health, was consolidated from five categories into three (Good, Fair and Poor) with Good 
arbitrarily chosen as the base. In other words, I analysed the underlying probability of 
reporting `fair' or `poor' health in comparison to being in `good' health. The study design 
is not a full-panel one (in which the same individuals are repeatedly measured), but a 
repeated cross-sectional design with new cross-sectional samples of people being taken at 
each wave. The structure (see Figure 4.2) is therefore three levels: 171,264 individuals at 
level one, who are nested within four waves at level two nested within 69 countries at 
level three, and this structure, has to be taken into account during the analysis. 
The possible independent variables at the individual level are social-demographic factors 
(age, sex and marital status) and an individual income variable, while at the wave level 
measures for relative and absolute income for countries in each wave have been included. 
Age is the only continuous predictor with a mean of 40 across all countries and waves. 
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Marital status is consolidated from seven into four categories - couple (combined married 
couple and live-as-married couple), single, unknown and SWD 
(separated/widowed/divorce as a group). Individual income is divided into five groups 
(1&2,3&4,5&6,7&8 and 9&10 of income scale) plus an unknown group. 
Table 4.1 The structure of the World Values Surveys 









Albania W4 1000 
. 45 4.7 





* * * 1 43.82 
Argentina j T7 9 * * * 10.37 43.25 
Argentina 4 1280 * 12.14 43. R 
Armenia W3 2006 1. 54.74 
Australia W1 1228 * T- 7- 10.5 30.64 
Australia W3 2048 * * 21.33 1 37.02 
Banda W4 100 * 1.1 No data 
Ukraine w 2811 * * 5 
Ukraine W4 12 77 
,7 
Tanzania W4 1171 
.7 No data 
ruguay W 1000 
- 
44.1 
USA W1 232 5 13.54 5. 
USA W 1839 23.13 36.52 
USA W 1542 ---36-. F7 
USA W4 1200 * 43.07 
Venezuela W 1200 5.64 46.83 
Venezuela 4 1200 5. ---4B-. -7-9 
VietNam 95 1.88 No data 
Zimbabwe 1002 2.8 45.4 
The indication " means this question has been asked in the interview with sufficient answers for different individuals in different countries 
There is also considerable `missingness' in the data, with few countries being measured 
in all four waves. In practice, it required considerable cleaning of the available data e. g. 
household income should have been recorded as deciles categories, but for some 
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4.3 MODELLING FRAMEWORK 
4.3.1 Modelling continuous variables with a single-level model 
Multilevel modelling will again be the main method of analysis as it allows the 
differentiation between main and interaction effects for group and individual level 
variables, and simultaneous analysis at a number of levels. At the outset, the 
underlying structure is data on three levels: individual self-rated health outcomes at 
level one; nested within different waves at level two; nested within countries at level 
three. In order to model self-reported health, a number of predictor variables from 
both the within-nation level and between-nation level will be included. The required 
model is a complex one and here a range of models of increasing complexity and 
faithfulness to the data structure will sequentially be discussed. It will begin by 
ignoring the multilevel structure and the repeated cross-sectional nature of the WVS 
design with response of more than two categories. A straightforward micro model at 
the individual level can then be specified as follows: 
E(Self-rated health; ) = pxo + 3IX1 +ß2X2i + 133X3; (4.1) 
in which the Expectation (E) of self-rated health for individual i is a function of 
individual's income (X1; ), age (X2; ) and sex (X30 of the respondent. So for the 
moment self-rated health is an underling continuous variable; income and age are also 
continuous but gender is a binary discrete variable. When one of the predictors in the 
model is a quantity such as age in which 0 is an absurd value, the intercept (which 
gives estimated the mean self-rated health) will be un-interpretable. To avoid this, it is 
a good idea to re-express such quantitative predictors about some convenient value 
near the middle of their ranges - for our age and income variables, we could use the 
age relative to 40 years old and mean income; say ten thousands US dollars, 
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respectively. 
Moreover, it may be noted that the two genders have been accounted by using a single 
dummy variable. It takes the value 1 for all the females and the value 0 for all the 
males. The coefficient; ß3 would then provide the differences between the 
corresponding group means (females) and the mean of the base or reference group, in 
this case male (the one for which the gender dummy variable is zero). It should also 
be noted that the choice of reference group is a matter of convenience - it does not 
affect the estimates of the differences between the groups. With this specification, the 
intercept ßo is the expected average self-rated health for the base category, a 
40-year-old male with average income earning of 10k US dollars. 
4.3.2 Modelling continuous variables with a multilevel structure 
The number of predictors can also readily be extended to take account of other 
individual factors, but our main focus will remain on individual income, and any other 
variables will be included as `controls'. We can specify the model further as follows: 
E(Self-rated healthij)= ßpjXX + ßljXIij +ß2X2ij + ß3X3ij (4.2) 
A key element of this specification is that the intercept is indexed by j for a country, as 
is the slope term associated with individuals' income. That means there is an effect of 
living in a country, and the relationship between health and individuals' income is 
allowed to vary between countries. Therefore it is needed to specify a pair of 
macro-models, for the random intercepts and slopes, to specify these between-country 
variations: 
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R0; = Po + (poi) 
oij = ßi + (111i) 
The term ßo represents the average score on self-rated health across all individuals and 
all countries for the base category, a middle-income 40-year-old men; µoj is the 
differential for belonging to country j. Similarly, while ß, is the general relationship 
across all countries between self-rated health and individuals' income, the ti are the 
differential slopes. If this is positive, then individual income in that country has a 
strong impact on health, if it is negative the relation will be weaker and flatter. There 
are two random terms at the country level and we can summarize their distribution as 
a joint multivariate Gaussian distribution: 
f2 







The off-diagonal covariance term is important. For example, if0- 01, the association 
between the differential intercept and the differential slope for income, is positive, the 
variance between countries will be greatest for individuals with high individual 
income (a positive po, being associated with a positive µij). If none of these 
variance-covariance terms are significantly different from zero, the country a 
respondent lives in has no effect on self-rated health once gender, age and individual 
income has been taken into account. Thus, if none of the higher-level terms are 
significant all the remaining variation is at the individual level; the country-context 
has no effect whatsoever. 
If this is the case, the Wilkinson's hypothesis will have fallen at the first hurdle. If 
significant variation is found, however, it does not automatically validate the relative 
119 
income hypothesis. It then has to assess the relative role of average income and 
income inequality in accounting for any between-country variation that has been 
found. Thus revised macro models with these additional variables have to be 
specified. That is macro country variables will be included to try and account for 
variation between countries after taken account of individuals' income. These macro 
variables cannot account for individual variation, as they are constant at that level. 
4.3.3 Modelling cross-level interactions 
The macro equations can be specified as follows: 
Ro; = ßo +aiWij + a2W2j + (µo) 
ßlß = Pt +a3w1j+ a4W2j+ (tlj) 
where wig is average income for country j; and w2j is the inequality. Combining the 
micro and polynomial macro equations, results in a two-level overall model: 
E(Self-rated healthj) = ßoXo j+ ßiXlij +ß2X2ij + ß3X3ij+ aiwIjXo j+ a2W2jXOIJ 
+ a3WIJXIIJ + a4W22Xt11 + (NjXoij +µijXi) (4.3) 
In terms of the relative income hypothesis, the key parameters are ßo, (3i, a2 and a4 
which define cross-level interaction between country inequality, individual income 
and self-rated health. In effect it is needed to fit a `surface' between the variables 
country inequality, discrete individuals' income groups and self-rated health. Figure 
4.3 shows some possible results where there are and there are not substantial effects 
for each parameter. There are five 3D models of relationships among individual's 
self-rated health (Z-axis), individual's income (Y-axis) and country's income 
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inequality (EHII, X-axis). These three coordinates' axes are the configuration of the 
surface. 
In 4.3a), no matter what value an individual's income or his/her country's income 
inequality is, the self-rated health is a constant. Redistributing the income distribution 
of a country or increase an individuals' income will not change their perspective on 
self-rated health. In Figure 4.3 b), self-rated health improves only when individuals' 
income increases; no matter how egalitarian a country that they live, rich people have 
better health than poor everywhere. However, in Figure 4.3c), minimizing a country's 
income inequality (everyone who lives in that country has the same health condition, 
no matter how rich you are) will improve their self-rated health. 
Moreover, in Figure 4.3 d), on the contrary to Figure 4.3 a), not only individual's 
income has positive effect but also its degree of income inequality has a negative 
impact on self-rated health on the condition of no cross-level interaction between 
them. In other words, people who earn the highest income as well as live in the most 
egalitarian country benefit from the best self-rated health. Moreover, a wealthy person 
who lives in a very unequal country will experience better health than a poor person 
in the most egalitarian country. In the final Figure 4.3 e) individual's income and their 
country's income inequality have a significant cross-level effect. This means living in 
different income inequality countries there is different degree impact from 
individual's income on their self-rated health. 
4.3.4 Modelling predictors with a set of discrete categories 
In fact, income is not a continuous variable, but is measured as a discrete variable 
with six categories `1&2' (poorest), `3&4', `5&6', `7&8', `9&10' (wealthiest) and 
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`unknown-income' in this study. This is modelled by including a set of dummy 
variable indicators, Xiij, X4; ß to X7; ß, representing 4 dummy variables contrasted 
against the base. The middle-income group `5&6' has been chosen as the base. The 
first of these additional predictors Xj; j would take the value 1 for all the people in the 
income group 1 &2 and the value 0 for all the others; the second X4jj the value 1 for all 
the people in income group 3&4 and the value 0 for all the others, and so on. 
Figure 4.3 Some possible results where there are and there are not a substantial 
effect for each parameter. 
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Turning to the random part specification it would be possible to write macro equations 
for each income group, but given that there are only 69 countries there would be few 
degrees of freedom to estimate all the variance covariance involved. Therefore an 
alternative three-category variable has been created - `Low-income' (including 
income groups of 1&2 and 3&4), `High-income' (which combined income groups of 
5&6,7&8 and 9&10) and `Unknown-income' (income group unknown) and included 
this reduced specification to the random part of the model. `High-income' is the base 
here. Therefore the specification of the combined micro-macro model is: 
E(Self-rated healthy) = ßojXoy + ßIXiij +ß2X21j + ß3X3; j+ 
ß4X4; 
j + ßsX5; j +ßß; j + ß7X7; j 
+ alw, jXoij + a2W2jXOij + a3WIjXlij + a4W2jXiij +asWijX4ii + 
a6w2jX4ij +a7WIjXsij + aswzjXsij + a9wijX6ij + aiowijX6ij 
+aIIWljX7ij + a12W2jX7ij (pojXo j +µgjLow-incomeij + 
µ9jUnknow n-incomeij) (4.4) 
where w1J is average income for countryj, and w2j is the inequality. P, and ß4 are the 
income differentials for groups 1&2 and 3&4, respectively in comparison to the base; 
while poß is the country differential for high-income group and µgj is the country 
differential for low-income category in comparison to the high-income group. To 
avoid multi-collinearity with the variable representing individual's income, the new 
dummies for Low- and Unknown- income are only included in the random part of the 
model. The same principles and interpretations to the continuous individual's income 
variable will be applied here too. If µ8j and µ. 9j are positive, then individuals with 
low-income and unknown income in that country have a strong impact on health 
respectively, if it is negative the relationship will be weaker and flatter. In terms of the 
relative income hypothesis, the key parameters are ßo. P1. P4-79 a2, aa, a6, a8, aio and a12 
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which define cross-level interaction between country inequality, every single category 
of discrete individuals' income groups and self-rated health. 
There are now three random terms at the country level and it is important to 
understand how these are interpreted as they give us key information about how 
income effects differ in different countries. We can summarize the distribution of the 
three random terms as a joint multivariate Gaussian distribution: 
z ßp0 "p08 ßp09 
µoj, it8j and N) -N ° p08 
O"ps ° 
p89 
°p09 °pß9 z a; g 
The off-diagonal covariance term is important and plays the same role as continuous 
individual's income in previous equation. When the predictors are categorical, the 
variability for a contrasted category depends on the variance of based category, plus 
variance of contrast category, plus twice covariance of the base and contrast. For 
example, the between-country variance of individuals with low income is 
" O', 
2 2 
o+ Cos +2* Coos 
", the variance of `high-income' plus the variance of 
`low-income' and plus twice the association between the differential intercept and the 
differential slope for `low-income', and vice versa for other groups. Again if none of 
these variance-covariance terms are significantly different from zero, the country a 
respondent lives has no effect on self-rated health once gender, age and individual 
income has been taken into account. Thus, if none of the higher-level terms are 
significant, all the remaining variation is at the individual level; the country-context 
has no effect whatsoever. 
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4.3.5 Modelling time as a level and as a fixed part difference 
The next extension will be to put time in the model as a level, since the WVS has a 
repeated cross-sectional structure in which a different non-panel sample has been 
drawn on each occasion that the survey was undertaken. This will allow an 
assessment of trend of the health-inequality relation over time taking account of 
individual income. The discrete time variable is also included in the fixed part as a 
three dummies variable with wave I as the base as well as a level, which have 
individuals nested within this level, and this level nested within countries. The 
three-level model can be defined as follows where i is individual, j is wave and k is 
country: 
E(Self-rated healthijk) = ßojkXoijk + (PIOXIOijk +PIlXllijk + 
P12Xl2ijk) + IIXlijk +ß2X2ijk 'ý 
ß3X3ijk +ß4X4ijk + ß5X5ijk +ß6X6ijk + ß7X7ijk + aIwlkxoijk + 
a2w2kXOijk+ a3wlkXlijk + a4W2kXlijk +aswlkX4ijk + a6w2kX4ijk 
+U7WIkX5ijk + agw2kX5ijk + a9WlkX6ijk + alOw2kX6ijk 
+UIIWIkX7ijk + cz12w2kX7ijk + (VOjkXOijk) + (NOkXOijk 
+µskLow-incomeijk + }I9kUnknown-incomeijk) (4.5) 
The new parameters in the fixed part of the model are associated with the dummy 
variables XIOuk, XIIjik and X12ijk, representing waves two, three and four respectively, 
These parameters give the differentials between each subsequent wave and the first 
base wave of 1981. However, they are not the same respondents in each time wave 
nor are they always the same countries, so that one needs to careful with the 
interpretation of health trend through time. The above equation also now contains the 
subscript ijk in the random part, representing individuals within waves within 
countries. 
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4.3.6 Modelling a discrete outcome variable 
Finally it comes to the last extension that required. So far the responses have been 
treated as if it was a continuous variable, whereas in fact it is a set of categories: good, 
fair, poor health. One approach would be to fit a linear probability model, but there 
are three problems with ignoring the discrete nature of the dependent variable: 
1 Nonsensical values where fitted proportion are unbounded and can get 
predictions outside the range 0 to 1; 
2 We can anticipate a non-linear relationship between response and continuous 
predictors such as age as the limits of the underlying probability of 0 to 1 are 
approached; 
3 Inbuilt heterogeneity such that there is less variation as approach bounds of 0 and 
1, that is variation between individuals is not Gaussian but multinomial and 
depends on the underlying predicted probability. 
These problems can be resolved as follows: 
For problems 1 and 2, a non-linear logit transformation of the response in the 
micro-model is used. However, it can readily be transformed back to proportions or 
probabilities for interpretation. For problem 3, a `weighted' estimation is used to 
create `level-1 weights' for each response whereby each individual will have 
probabilities of choosing each category that sum to 1; the weight is chosen so that if 
there is exact multinomial residual distribution the associated variance will be 1.2 
This multinomial model can be extended to multilevel multinomial models (based on 
a logit-link function), with individuals in a particular higher-level unit sharing the 
2 These weights are not to be confused with sampling weights which are also used in the models to 
make the data nationally representative. 
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same underlying category probabilities. Therefore, the real level one (individuals) 
becomes level two due to treating the responses nested under individuals as `level-one 
weights'. For the jth individual at level two which been interviewed in the kth wave at 
level three nested within the Ith country at level four (see the structure in Figure 4.4), 
the probability the individuals self-rated their health as one of the terms (poor, fair or 
good) at level one is ', h= poor, fair and good, where irj. =1. Treating 
self-rated good health as the base group, with only three categories of responses in 
poor fair 





Taking into account the clustering of responses nested within individuals nested 
within wave nested within country, we have the four-level multinomial logistic 
regression model with two "wings"; treating each as a separate category allows for 





POkiX0ijk1 + (fIoXI0ijkl +PIIXIlijkl + ß12X12ijkI) + ßjXlijkl +02X2ijkl + 
(; 
Tykl 
ß3X3ijk1 +ß4X4ijk1 + ß5X5ijkl +P6X6ijk1 + ß7X7ijk1 + a1W11X0ijkl + 
a2W21XOijkl + a3Wi, Xlijkl + a4W21XIijkl +a5WIIX4ijkl + a6W2IX4ijk1 
+a7WIIX5ijkl + a8W21X5ijk1 + a9WIIX6ijkl + alOW2IX6ijk, +aIIW11X7ijk1 + 
a12W2IX7ijkl + (VOjkIXOijk) + (µokiX0ijk1 +118ILow-income jkl + 




+ (ßIOXIOijk1 +ßllXllijkl + PI2Xl2ijkl) + ßlXIijkl +ß2X2ijkl + E(Log )=ß 
R3X3ijkl +R4X4ijk1 + ß5X5ijk1 +ß6X6ijkl + ß7X7ijkl + alWllxoijkl + 
a2w21XOijkl + a3wIIXlijkl + a4w2IXIijkl +a5%IIX4ijkl + a6w2IX4ijkl 
+a7wIIX5ijkl + a8W2IX5ijkl + a9wIIX6ijkl + aIOw2IX6ijkl +a, IwlIX7ijkl + 
a12w2IX7ijkl + (VOjkIXOijk) + (N4kIXOijkl +µ8ILow-incomeijkl + 
µ91Unknown-incomelJkl) (4.6.2) 
In the random part, there is now a more complex covariance structure with the two 
"wings" of the higher level, each having their own variance and being linked by a 
co-variance as specified in Table 4.2. 
These two variance and covariance matrices provide the information on the variability 
of the effects of any of the variables across countries or between waves. The six terms 
on the diagonal are the random effects of the two `intercepts' associated with the base 
groups and the random effects of the four `slopes' associated with the variable 
`low-income' and `unknown-income', respectively. The co-variances are the 
associations between proportion of poor/good and fair/good of intercept and slopes, 
between waves. For example, Qýö ''fair) shows the covariance between the log-odds 
of reporting poor and fair health. At the country level, a positive estimate implies that 
a country with a high proportion of reporting poor health tends to have a high 
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4.3.7 Estimation procedures 
There are a number of estimation strategies for estimating multilevel models with 
discrete response Goldstein (2003) proposed fitting multiple categorical responses 
models with multinomial error distributions using IGLS (iterative generalized least 
squares). However there are two major drawbacks with this approach. First, it is 
known that maximum likelihoods estimators like IGLS underestimate the size of the 
random effects (Rodriguez and Goldman, 2001). Moreover, there is no convenient 
overall summary measure of goodness of fit that allows model comparison. Another 
and improved estimation strategy for discrete and complex models is the MCMC 
(short for Markov Chain Monte Carlo) methodology. 
Instead of finding simple point estimates for the parameters of interest, the MCMC 
methodology makes a large number of simulated random draws from the joint 
posterior distribution of all the parameters. It then uses these random draws to form a 
summary of the underlying distribution (The book by Gilks et al., 1996 gives more 
in-depth material. ). The models in this chapter have been fitted in the multilevel; 
modeling software MLwiN (Rasbash et al., 2004). MLwiN uses IGLS to derive 
starting parameters and then a combination of two MCMC procedures, Gibbs 
sampling and Metropolis-Hastings sampling. In Bayesian statistics, every unknown 
parameter must have a prior distribution. With all the fitted models, the prior 
distributions were set to be `flat' or `diffuse' for all the parameters implying, that we 
do not have a strong preference for any particular values of the estimates before fitting 
the model. 
It is a general practice to throw away the first n values generated to allow the Markov 
chain to approach its equilibrium distribution, namely the joint posterior distribution 
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of interest. Thesen values are known as a `burn-in' and I have used the default of 500 
such simulations. Then continue generating values after the `bum in' for other m 
simulations; these m values are then averaged to give estimates of the parameter of 
interest. Posterior standard deviations (like frequentist standard errors) for the 
estimates can be obtained by calculating the standard deviations of the m values. 
For all the model results given below, the IGLS (iterative generalized least squares) 
algorithm of Goldstein (1986) is used to get an initial estimate of the parameters, then 
a bum-in of 500 and then 50,000 further estimates to explore the parameter space. I 
also inspected the `traces' of key parameters (a plot of the parameter against 
simulation number) to ensure that convergence had been achieved. All models were 
estimated using the logit link (logarithm of the odds) function. The exponentiated 
coefficients from a logit model are interpreted as odds ratios (OR). Results will be 
reported as `significant' if the estimates are more than twice their estimated empirical 
standard error. 
4.3.8 Model Comparison 
The Deviation Information Criterion (DIC) which was introduced by Spiegelhalter 
and his colleague (2002) has been used to evaluate how well the model has fitted the 
data in comparison with another model. The DIC is an extension of the Akaike's 
Information Criterion (AIC) the latter being an estimate of the expected relative 
distance between the fitted model and the unknown true mechanism that generated the 
observed data. The DIC diagnostic can only be calculated from the chains produced 
by an MCMC run. 
The DIC assesses the badness of a fit to the model, taking into account the complexity 
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of the model. The diagnostic DIC = Deviance + 2*pD where pD is the `effective 
number of parameters', which can be calculated from the chain as the difference 
between the mean deviance (D) in the chain and the deviance at the mean values for 
the parameters (D(8 )). In random effect models the `effective number of parameters' 
is less than an equivalent fixed effect model would have, due to the additional 
distributional assumption for the random effects. That is while we might anticipate 5 
extra degrees of freedom being required for 5 contrasted income categories, somewhat 
less than 69 degrees of freedom would be consumed in fitting the between country 
differentials as they are assumed to have come from an overall distribution. 
For Multinomial models the deviance formula is D= -2Z 




is an indicator function which returns 1 if the condition is satisfied, i. e. if individual i 
j is in self-rated health group j. ir; ') is the estimated probability of being in category 
for individual i. This means that the MCMC engine in MLwiN calculates the 
estimated probabilities as, part of the DIC diagnostic command (Browne, 2004, 
p266-267). The DIC diagnostic will then give a single number for each model with 
the smallest value representing the best model, having taken account of model 
estimated complexity. 
4.3.9 Analysis strategy 
In the previous section a range of models that could be fitted to the data have been 
considered, and the organization was primarily to explain the underlying character of 
the model in an approachable way. In this section, a serious of models will be built in 
terms of increasing complexity to test various aspects of the Wilkinson's hypothesis. 
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Model 1: this is the so called null model (empty, without including any predictors in 
the fixed part of the model) with the exception of a set of dummy variable indicating 
wave (wave 1 as reference) in the fixed part of the model. In the random part, the 
intercept (associated with the constant term) is allowed to be vary both at levels four 
(country) and three (between cohorts within countries). This model provides an 
estimate of the global pattern of self-rated health at baseline (1981), the differential 
from baseline at each subsequent wave, and the between-country and 
within-country-between-wave variations in self-rated health. The relative size of these 
higher-level variances can be compared in subsequent models as predictor variables 
are introduced. The models are specified as follows: 
E(1og(; rPW°°t I )) ° 1Ok1XOijk1 + 01 W2ijkº + ß2W3ijk1 + ß3W4ijkI + (J! OIXOijkl +V0 XOijkI) 
f/ E(log('r 2r good )) = IOkIXOijk1 + PI W2ijk1 + ß2W3ijkl + ß3W4ijk1 + (µ01XOijk1 + VQk/ XOijkl) ijkl 
where log(; rU°' / 7) is the probability of reporting poor health in logit and 
indicator i is used here to differentiate it from Iog(, rfair / 2r 'd) for reporting fair 
health of individual j nested within time point k nested within country 1. For 
interpretation, odds ratio (OR) and the probability of reporting fair and poor health in 
certain conditions are employed, respectively. The constant is represented by Xo; jki; 
W2 ki, W3 ki and W4 k, are the dummy time point variables (W 1 as the base) of each 
survey wave. The fixed part parameters, which show the overall relationship between 
both individual and country predictors to our response outcomes now have the 
following meaning: 00k1, when transformed, represents the global mean probability of 
134 
poor health of the reference group which in this model is everyone in the survey in 
1981; ßi, ß2, ß3 define either the increasing or decreasing on log-odds of reporting poor 
health in each survey time point after 1981. In the random part, each parameter is the 
variation between countries and waves in self-rated health that cannot be accounted 
for by these included factors. So 90jk is the country differential in 1981 and Vok is the 
difference between waves within each country. 
Model 2: builds on model 1 by including all the individual predictors in the fixed part 
of the model. It models how much an individual's income affects their perspective 
that their own health was poor after having controlled for all other individual 
characteristics - age, sex and married status. Age is a continuous variable and has 
been centred on its mean 40. Other base categories are `couple' for the married status 
variable and `5&6 decile of income scale' for income variable. In the random part, the 
effect for the individual income variable is allowed to be varied at level four. This is 
done as discussed earlier for the combined groups: low income, high income and 
unknown income. Consequently, in moving from model 1 to model 2, the contextual 
variation between countries in terms of self-rated health was estimated before and 
after taking into account the compositional effect of individual demographic and 
income variables. The models are specified as follows, with the new terms shown in 
bold: 
E(log(ý '/7rJ')) = IOklX0ijk1 + PIW2ijkl + ß2W3ijkl + ß3W4ijkl + D4(Age-4O)iju + 
ßsFemaleip j+ p6(Age-40)*FemaleijkI + ß7Msinglei kl + 
tsMseperated/window/divocediju + ß9MUnknownijkJ + ß10I1&2ijw + ß11I3&4ijlj + 
ß12I7&8ijk + P131Unknownijll + (VOIXoijkl + vors Xoijkl + pi41Low-incomeijkl + 
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µ 15, Unknown-income; ] kl) 
E(log(, r f /ý 'd)) = ßokIXOijkl + tIW2ijkt + 02W3ijk1 + 03W4ijki + ß4(Age-40)iJw + 
ß5Femaleijw + ß6(Age-40)*Femaleijm + ß7MsingleiJu + 
ßsMseperated/window/divocedijm + ß9MUnknownijw + ß10I1&2ijk1 + ß11I3&4ijki + 
ß12I7&8ijk1 + ß131Unknownijm + (PMIXoijkl + vor Xoijkl + µ141Low-incomeijld + 
µlslUnknown-incomeljkl) 
where Age; jkl is the age for each individual centred on age 40; 04 defines the mean 
log-odds of self-rated poor health for being one year older. F; Jkl is an indicator variable 
identifying females with a 1, males with a 0; (35 is the gender gap of mean log-odds of 
self-rated poor health; the difference between males and females. F*Age; Jki is the 
interaction between the female dummy and continuous age; ß6 is therefore the age * 
gender interaction. The contrasted categories of marital status are Mswd3Jki, Msigijki 
and MunkiJkl (Couple as the base) representing widowed/separate/divorced, single and 
unknown respond, respectively. Therefore, (37, ß8, ß9 defines the difference for marital 
status in contrast to couple (the base). The terms; I1&2; ßk, 13&4ijk, I7&8ijk, 19&10; ßk 
and Iunk; jk (I5&6 as the base) are the income dummies in quartile; 01o, ßi1, (312, ßi3 are 
the differentials of each income group in contrast to group 5 and 6. So the reference 
group ßoki is now referring to the middle class 40-year-old married men in the 1981 
cohort. In the random part, there are two extra terms from model 1 and 2 that µ141 is 
the slope differential for low-income and µisi is the slope differential of 
unknown-income at the country level, contrasted against the high income group 
country differential pol. 
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Model 3: builds on model 2, by adding the fixed effect of a country's income on 
individuals' self-rated poor health. It tests the absolute income hypothesis whether the 
level of a country's wealthy affects people's health after controlling for their 
individual socio-demographical and economic characteristics. It also considers 
whether the income effect differs for countries with GDP above five thousand US 
dollars (Wilkinson's threshold) from below it. By estimating the relationship between 
individual's self-rated health and a country's GDP PPP pc 2004$, the model is defined 
as follows: 
7E(log(r r /; )) 
- 
IOkIXOijkl + ßlW2ijkl + ß2W3ijkl + F'3W4ijkl 
+ P4(Age-40)ijkl + 
iju 
(35Femaleijkl + (36(Age-40)*Femaleijkl + ß7Msingleijkl + 
ß8Mseperated/window/divocedijkl + (39MUnknownijkl + (3(oIl&2ijkl + ß11I3&4ijkl + 
ß12I7&8ijkl + PI31Unknownijkl + ß16(GDP-10)kl + ß17(Wilkinson threshold)kl + 
ß18(Wilkinson threshold)u*(GDP-10)kl + (poIXoijkl +vou Xoijkl + A14ILow-incomeijkl + 
g, 5lUnknown-incomeijkl) 
E(1og(1rj r/ ;r good 
ß5Femaleijkl + (36(Age-40)*Femaleijkl + 37Msingleijkl + 
p8Mseperated/window/divocedijkl + ß9MUnknownijkl + ßloll&2ijkl + ß11I3&4ijkl + 
ß12I7&8ijkl + P131Unknownijkl + P16(GDP-10)kl + ß17(Wilkinson threshold)w + 
ßlg(Wilkinson threshold)u*(GDP-10)ij + (µaiXoijkl +vok/ XOijkl + [L141LOw-incomeijki + 
µI5IUnknown-incomeijkl) 
Where GDP-10ki refers to the average country income in term of gross domestic 
product in purchase power parity of 2004 US dollars per capita which has been 
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centred around the global mean of ten thousand dollars. The term (316 estimates the 
effect of increasing by one thousand dollar a country's average income on people's 
perception of their own health. Wilkinson's threshold is a categorical variable which 
divides countries into two types; one is the countries with mean income above five 
thousand dollars in 1990 and the other type is the countries having less than five 
thousand dollars. The countries below than Wilkinson's threshold have been treated as 
the base here. The term 017 assesses the differential effect of a country having average 
income of above five thousand dollars in 1990 from that below the threshold. 
An interaction term -ß18- between GDP and Wilkinson's threshold, allows us to 
estimate the effect of changing GDP for these two different types of countries 
affecting people's perception of reporting their health condition. The reference group 
here is the middle income, 40-year-old married men who live in a country with 
average income of ten thousand US dollars per person and their countries in 1990 
belong to the below five thousands US dollars group in the cohort of 1981. 
Model 4 builds on model 3, by considering the fixed effect of the contextual variable, 
country income inequality on individual's self-rated health and the extent to which it 
explains the country-level differences. The model can be specified as follows: 
E(1og(2U°r /ý )) = IOklXOijkl + 1LW2ijkl + ß2W3ijkl + ß3W4ijkl + 
P4(Age-40)ijkl + 
05FemaleiJkl + 06(Age-40)*FemalejJki + 37Msingleijki + 
ßgMseperated/window/divocedijkl + ß9MUnknownijkl + PIOIl&2ijkl + ß11I3&4ijkl + 
ß12I7&8ijkl + P131Unknowni kl + (316GDPki + ß17(Wilkinson threshold)ki + (318(Wilkinson 
threshold)kl*(GDP-1O)ki + ß19(EHII-40)kl+ ß20(Wilkinson threshold)ii*(EHII-40)m 
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+ (µoIXoijw +V0 Xoijkl + 9141Low-incomeijkl + µl5IUnknown-incomeijkl) 
E(log(2rf / ')) = lOkIXOijkl + NIW2ijkl + 
ß2W3ijkl + ß3W4ijkl + P4(Age-40)ijkl + 
(35FemaleUkl + (36(Age-40)*Femaleijkl + ß7MsingleIJki + 
08Mseperated/window/divoced; jki + 09MUnknownjJkj + ß1oI1&21jki + 011I3&4; Uki + 
01217&8ijkl + (3131Unknown jkl + (316GDPkl + ß17(Wilkinson threshold)kl + ß18(Wilkinson 
threshold)ki*(GDP-10)kl + ß19(EHII-40) d+f 20(Wilkinson threshold)w*(EHII-40)w 
+ (poIXo; jkl + Vok, XO; Jkt + 914ILow-income; jki + g, 51Unknown-incomeUki) 
where EHII-40 means the estimated household income inequality centred on the value 
of 40, The potential range of this variable is from zero for a country with the most 
equal distribution to one hundred, the most unequal. So here the base category is the 
group of respondents who are middle income, 40-year-old married men who live in a 
country with average income of ten thousands US dollars and its estimated household 
income distribution is 40 in 1981 cohort. The term Pig is the degree that increasing 
one unit of income inequality will affect people's perception of reporting their health 
condition. The coefficient ß1g; the interaction between EHII-40 and Wilkinson 
threshold, estimates the relationship between health and income inequality separately 
for countries above five thousands US dollars in GDP purchase power parity per 
capita in 1990. This model allows us to test the relative income hypothesis for all 
countries as well as countries separately in term of countries above or below 
Wilkinson's threshold. 
Model 5: builds on Model 4 but includes the cross-level interaction of country income 
inequality and individual income groups. This will give us the not only the 
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relationship between income inequality and self-rated health, but also show the 
differential impact that income inequality has on self-rated health of individuals who 
are on different incomes. This is because Wilkinson argues that poor people suffer 
more in an unequal country than rich people. 
The model is specified as follows: 
E(1og(, 
J° 
r I; r )) = fOklXOijkl + ß1 W2ijk1 + 02W3ijkl + ß3W4ijk1 + ß4(Age-40)ijkl + 
(35FemaleUkl + ß6(Age-40)*Femalejkl + (37Msingle; jki + 
18Mseperated/window/divoced; Jki + ß9MUnknownykt + ßioll&2ijki + ßI113&41jki + 
ß12I7&8ijkl + P131Unknown jkl + (316GDPki + ßt7(Wilkinson threshold)ki + (318(Wilkinson 
threshold)kl*(GDP-10)kl + ß19(EHII-40)kl + (320(Wilkinson threshold)ki*(EHII-40)ki + 
P21(EHII-40)1,1*I1&2ijm + ß22(EHII-40)kl*I3&4ijm + ß23(EHII-40)kI*I7&8ijm + 
ß24(EHII-40)kJ*19&10ijm + ß25(EHII-40)w*IUnknown; jw + (pO, Xo; jk1 +voklXoI ki + 
914ILow-income; Jkl + µ15IUnknown-income! Jkl) 
E(log(7rfair /1I 7)) = fOkIXOijkl + tLW2ijkl + R2W3ijk1 + ß3W4ijk1 + P4(Age-40)ijkl + 
ß5Female; jkl + ß6(Age-40)*Female; jki + ßlMsingleIJki + 
ß$Mseperated/window/divoced; jki + P9MUnknown; jki + (31oIl&2ijkt + (31113&4; jki + 
(31217&8ijkl + P131Unknownijkl + ß16GDPki + ß17(Wilkinson threshold)ki + ß18(Wilkinson 
threshold)ki*(GDP-10)ki + (319(EHII-40)kt + (320(Wilkinson threshold)kl*(EHII-40)ki + 
P21(EHII-40)kj*I1&2; j, ß + P22(EHII-40)w*I3&4; ßu + ß23(EH11-40)w*17&8; ju + 
P24(EHII40)w*I9&10ijm + ß25(EHII-40)kI*IUnknown; jw + (p IXo; iki +vol Xoiiki + 
11i41Low-incomeijkl + 9151Unknown-income; Jki) 
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where there are five more cross-level interaction terms between a country's income 
inequality centred on 40 and each category of individual income except `I5&6' which 
has been treated as base. So here the base is the group of respondents of the middle 
group, 40-year-old married men who live in a country with average income of ten 
thousands US dollars and its estimated household income distribution is 40 in 1981 
cohort. The terms 019 to 023 show the difference among different level of individual 
income groups the differences between means over different levels of a country's 
income inequality. This model was also fitted to assess if the relationships changed 
above and below a threshold of GDP above five thousand US dollars in1981. 
All models are fitted with accompanying sample weights at level 1 to adjust for 
potential sampling bias in the survey. Weighting is necessary to approximate national 
population parameters. In each country, the investigators were asked to provide a 
4-digit weight variable to correct their sample to reflect national distributions of key 
variables such as the distribution of age, education, race, and percentage of urban and 
rural etc, to obtain a nationally representative sample at particular wave in each 
country. If no weighting was necessary, each case was simply coded as "1.00. " 
4.4 RESULTS 
Table 4.3 gives the results when applying the multinomial four-level model on 
self-rated health outcome, from the 69 countries across wave 1 (1981) to wave 4 
(1999-2000) and the model-fitted diagnostic DIC. Transforming the logit intercept 
estimates in Models la and lb to an underlying percentage, 19% of people report 
themselves in poor health and 61% in fair health in the base year 1981. The time 
variables of different waves are needed to describe the general trend, as all the 
estimates of the fixed part coefficients are significant at 0.05. In general, the pattern 
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shows a decreasing trend of the logit of the proportion reporting poor and fair health 
as can be seen in Figure 4.5, people feel healthier than they used to, but we have to be 
careful not to over-interpret this trend as different countries were sampled at different 
times, making temporal comparisons very difficult to make. 
In the random part there are significant effects (estimates more than two times the 
standard error) for all variance and covariance terms at country and wave level (Table 
4.4, Model la and lb). The variances at level four -- between-country variation -- 
suggests that there is a considerable difference between countries in the log-odds of 
both fair versus good and poor versus good. Moreover the positive covariance and 
correlation (0.68) between both sets of outcomes suggest that differential logits at the 
country level for fair/good and poor/good are quite closely related. Countries with 
high proportions of good in comparison to poor, also tend to have high proportions of 
fair in comparison to poor 
Figure 4.5 The trend of reporting proportion of poor/fair health relatively to good 
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Figure 4.6 shows the between country variation as point estimates on a logit scale, for 
poor and fair health in comparison to good. These are values derived across all the 
waves of the survey. In 4.6a), a `caterpillar plot' shows the logit estimates and their 
95% confidence intervals plotted against rank. The horizontal dashed line indicates 
the average of all countries. Quite a few countries are significantly above and below 
the average at both ends statistically. Consequently, the average logit proportion 
reporting poor/fair health in a country is very different from each other. 
Table 4.5 shows the fifteen `best' and fifteen `worst' estimates of the differentials for 
countries. Thus the extremes for reporting poor health when transformed to a Standard 
Morbidity Ratio are Ukraine at 486 and Switzerland at 27, compared to an all-country 
average of 100 across all waves. There is therefore a 13 fold difference between 
countries with the most and least poor health. It is noticeable in this listing that nine 
out of fifteen of worst countries are those for former Communist states; most of the 
fifteen best countries are dominated by wealthy economies. These are very substantial 
differences and give our first evidence that countries matter in terms of health 
perception. 
In the scatter plot in 4.5 b) which plots the differential country level logits, there is a 
tendency for countries with a relatively high amount of poor health to also experience 
a high degree of fair (as opposed to good) health as would be expected from the 
positive covariance. Turning now to the level 3 variances and co-variances within 
countries between waves, it can be seen that these are smaller than between countries. 
Thus, there was some variation within countries across waves, but the effects are not 
as substantial as between country differences (see Figure 4.6). 
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Figure 4.6 Between country differences 
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Those countries with poor or fair health tended to remain so across time; although 
here are some exceptions such as Moldova (coloured purple in the graph) which 
showed improvement and Bangladesh (light green) which showed an increase in poor 
health. Overall, there are one or two bigger changes around generally small changes. 
Notice that it is not the same vertical scale for both plots, so that Fair versus good is 
much less volatile than Poor versus good. 
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Table 4.5 Country differentials in self-rated health; fifteen worst and fifteen best 
countries in terms of difference in 1981 of reporting poor/good and fair/good 
health of in logit and odds 
(Poor/Good) Differential from Differential from Rank (Fair/Good) Differential from Differential from 
Countries global average in global average in Countries global average global average in 
1981 in Logit 1981 in odds in 1981 in Logit 1981 in odds 
Ukraine 1.581 486 1 Russia 1.422 414 
Russia 1.556 474 2 Ukraine 1.377 396 
Hungary 1.371 394 3 Latvia 1.164 320 
Jordan 1.239 345 4 Moldova 0.920 251 
Moldova 1.137 312 5 Peru 0.901 246 
Bangladesh 1.059 288 6 Estonia 0.884 242 
Poland 0.814 226 7 Algeria 0.879 241 
Estonia 0.782 218 8 Hungary 0.845 233 
Slovenia 0.778 218 9 Bangladesh 0.831 230 
Latvia 0.765 215 10 Slovakia 0.713 204 
Belarus 0.688 199 11 Jordan 0.674 196 
Lithuania 0.687 199 12 Dominic 0.630 188 
Rep. 
Portugal 0.608 184 13 Lithuania 0.628 187 
Georgia 0.566 176 14 Poland 0.626 187 
Algeria 0.547 173 15 Taiwan 0.578 178 
...... ...... ............ ...... 
Australia -0.843 43 55 Netherlands -0.582 56 
Brazil -0.853 43 56 Uruguay -0.638 53 
Denmark -0.894 41 57 New -0.725 48 
Zealand 
Ghana -0.904 41 58 S Africa -0.725 48 
Sweden -0.934 39 59 Sweden -0.730 48 
New -0.941 39 60 Britain -0.746 47 
Zealand 
Belgium -0.965 38 61 Australia -0.856 42 
USA -1.009 36 62 Norway -0.878 42 
Netherlands -1.062 35 63 USA -0.898 41 
Canada -1.159 31 64 Denmark -0.921 40 
Uruguay -1.176 31 65 Switzerland -0.963 38 
Nigeria -1.218 30 66 Nigeria -0.964 38 
Ireland -1.247 29 67 Canada -1.015 36 
S Korea -1.253 29 68 Ireland -1.038 35 
Switzerland -1.300 27 69 Indonesia -1.129 32 
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Figure 4.7 The residual of different countries across waves 
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Model 2 additionally includes a range of individual variables for respondents, 
representing social and demographic characteristics. Many of the effects are 
significant and substantial with a 14047.6 decrease in DIC from 269994.20 in Model 
I to 255946.60 in Model 2 (sec Table 4.3). A series of graphs showing the effects of 
individual characteristics are given in Figure 4.8. These are given in teens of odds 
(which have been transfonned from the logits) in comparison to the base category of 
middle-income 40-year-old married men in 198 I I. 
Figure 4.8a shows the individual effect of age and sex. As expected, the elderly tend 
to report greater poor and fair health in comparison to good than the young people, 
and women are more likely than men to report themselves in poor and fair health. In 
addition to the reproductive processes, there is a wide range of genetic, hormonal, and 
metabolic influences playing a part in shaping distinctive male and female patterns of 
morbidity and mortality (Doyal, 2001). It is also the case, reflected in this study that 
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women tend to report more morbidity than men. However, there is no significant 
interaction between gender and age here so that the excess for women is found 
through out the age range. 
Figure 4.8b shows the individual effect of marital status. None of the categories of 
marital status is significantly different from each other for reporting fair health, 
despite the very large sample. Respondents in the marital situation of separated, 
widowed and divorced (SWD), are more likely to report poor/fair health than couples; 
this is especially the case for poor health. Such a finding is supported in the wider 
literature with, for example, Gallagher (1999) showing that all parties to a divorce are 
likely to suffer increased morbidity and mortality. Those in the Single category 
experience lower odds than Couples for reporting fair health (but not significant at 
p>0.05), but higher odds in saying that they are in poor health (significant at p<0.05); 
Where marital status is Unknown, there are the essentially same odds of reporting 
poor and fair health as Couples. 
The terms that we have so far discussed, while interesting in their own right, have 
mainly been included as `controls'. However Figure 4.8c shows the relation with 
income group which is a key part of our assessment of the Wilkinson hypothesis. It 
shows a very consistent `dose-response' relationship such that the more income a 
person has the healthier they are. Apart from the Unknown group, increasing odds of 
poor and fair health are reported as income goes from the wealthiest quintile (9&10) 
to the lowest quintile (1&2). Every single differential income group is significant 
from each other at 95% confidence interval for both reporting poor and fair health. 
There is almost a four-fold difference for reporting poor health, and a two-fold 
difference for fair health between the top and bottom income groups. 
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Figure 4.8 individual effects 
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These are the first results to be produced on a global scale, but they accord with a 
growing literature from national studies that individual earnings has a large effect on 
all of the health pathways such as morbidity, depressive symptoms and follow-up 
self-rated health. For example, Fiscella and Franks (2000) concluded that individual 
income has a large effect on self-rated health and mortality in the USA4. Crucially, the 
relationship between self-reported health and individual income is markedly 
non-linear in the odds, with the difference between the income groups increasing at 
higher incomes. Moreover, this is not just an artefact of using odds because this 
non-linear pattern is to be found in the logits for both reporting poor and fair health. 
This means that the first part of Gravelle's (1998) supposition is supported: at the 
individual level income is positively and non-linearly related to self-rated health; poor 
people rate themselves as having the worst health. 
Examining the random part for Model 2 (which includes the random slope of the 
regrouped income variable at country-level) reveals that the largest between-country 
variance is for higher income individuals reporting poor health but smallest for low 
income individuals who reported fair health. The between-country variances of 
different income categories are shown in Table 4.3. The degree of variation between 
countries on different income groups are even more easily appreciated in Figure 4.9 
without the `unknown' income group. We plot the estimated relationship with income 
for each country on the logit scale (Figure 4.9a) as well as the odds (Figure 4.9b). 
The plots clearly show that the greater between-country difference are found for the 
poor/good comparisons when compared to the fair/good relation and that High 
° With these data unfortunately we cannot rule out reverse causation that poor health produces lower 
income. 
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income groups report less bad health. However, there are some exceptions, for 
example, Belgium (the grey line) and Jordan (black line) where the high-income 
people from these two countries have a higher rate of reporting poor health versus 
good health. Spain has the shallowest relationship within individual income. 
Importantly, there is still significant and substantial between-country variations even 
after gender, age and individual income and marital status, have been taken into 
account. Thus, all the remaining variation is not only at the individual level, but also 
the country-context has an effect. 
The next model, Model 3, includes the country by wave variable GDP, Wilkinson's 
threshold which is a categorical variable classifying countries above or below five 
thousand dollars in their GDP in 1990, and their interaction to investigate not only the 
effect of GDP on self-rated health for all countries but also the differences between 
countries of above or below Wilkinson's threshold. This model is an improvement 
from Model 2 with a reduction in the DIC of 6.62. 
In Model 4, wave-specific country income inequality is additionally included in the 
model to look at its effect on health after taking account income effect of individuals 
as well as countries. The effect of inequality is also allowed to be different in the 
advanced economies above the Wilkinson's threshold. However, there are 8 countries 
(Estonia, Georgia, Dominic Republic, Belarus, Slovakia, VietNam, Uganda, United 
Republic of Tanzania) which do not have the information for the inequality index and 
these will be excluded in Models 4 and 5. They are countries with a relatively smaller 
sample size and the results of only 61 countries are similar in terms of Model 3 to 
those with all 69 countries included in the model. Again this model is an improvement 
on the simpler Model 3 with a reduction in the DIC of over 100 for comparable 
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models. 
Figure 4.9 Residuals of different income groups in the country level after taking 
account of individual social demographic variables 
a) Logit scale 
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The key results from Model 4 for the Wilkinson hypothesis are plotted in Figure 4. I0. 
The plots show the effect of GDP and Inequality on the odds of reporting poor and 
fair health for countries above and below the threshold as well as 95% empirical 
confidence bands. The relations are after taking account of individual variables. The 
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vertical axes on all the graphs are chosen to have the same scale, so as to make them 
directly comparable. The effect of GDP on health is found to be negative in both `rich' 
and `poor' countries but the estimated terms are not `significant'. Moreover for 
inequality, the results are the exact opposite of that anticipated by Wilkinson in that 
for countries above and below the threshold, increasing inequality leads to a reduction 
in the odds of reporting poor and fair health. 
Importantly, we have not found evidential support for the Wilkinson's hypothesis 
when individuals are a whole is considered and account is taken of individual income. 
However, it may be that the hypothesised inequality effect is not to found for 
individuals across the board, but is differential for different income groups. Thus the 
reporting of poor health may only increase with inequality for low income groups. 
Model 5 examines this by including an interaction between individual income and 
country income inequality. This model again shows a reduction in the DIC between 
Models 4 and 5 but this now smaller than we have seen previously. 
Figure 4.11 shows the key results in that for all fractions of income, no positive 
relation is found between increasing inequality and increasing odds of poor health, 
although the relation is much flatter for the highest income group (9 and 10). Indeed, 
the difference between individual income groups in terms of poor health is greatest 
when inequality is low. This does not correspond to Wilkinson's statement that in the 
most unequal countries the poor suffer more than the rich. In summary, there is no 
support for the relative income hypothesis in terms of self-rated health and this 
remains the case when the inequality by individual income interaction is allowed to be 
differentiate above and below the threshold. 
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Figure 4.10 GDP and Inequalities (EHII) for countries above and below 5k GDP 
PPP pc in 1990 separately 
a) GDP effect 
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Turning now to the between-country random part of the models (Tables 4.3 and 4.4). 
The striking things is that even after taking account of country GDP and inequality 
and individual income, as we move from Models I to 5, there remains substantial and 
significant between-country variation that is not explained by the individual and 
country variables that have been included in the model. Indeed, after taking account 
of the compositional and contextual variables, the between-country variance is 
estimated to be somewhat larger. Countries are significantly different in their 
perceived health status and this particularly true for poor health and for the higher 
income groups. 
Figure 4.11 The differential patterns of reporting not good health for different 
individuals' income in different income inequality countries 
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The between-country variations are most clearly seen in a set of residuals plots 
(Figure 4.12) which graph the logit estimates for poor and fair health for different 
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individual income groups (high-income, low-income, unknown-income) after taking 
into account both individual and country variables. There is, however, a suggestive 
pattern to the results as shown by Figure 4.12a). Many countries belonging to the 
Former Soviet Bloc have particularly high levels of self-rated poor health; five out of 
twelve of the poorest health countries are from former communist countries (FCC); 
they are Hungary, Russia, Ukraine, Poland, and Slovenia. 
Figure 4.12 The remaining between-country variation (base on Model 5) 
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Moreover, none of the ten best countries included any former communist countries. 
When comparing between different individuals' income groups, the distinctive pattern 
between former communist countries and other countries is more obvious in the 
low-income (Figure 4.12 b) and unknown-income (Figure 4.12 c) groups than 
high-income (Figure 4.12 a). 
4.5 CONCLUSIONS 
In this global study of individual's health using the WVS data, I found that there are 
substantial differences between countries. In terms of the absolute income hypothesis, 
individual income has been found to have a `non-linear' 'dose-response' effect with 
those on lower income reporting more poor and fair health, after taking into account 
of their demographical characteristics. So the higher a person's wage, the better is 
their perception of their health. 
Looking at the GDP of a country, the relation is the same above and below the 
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threshold of development; GDP has a negative effect but this is only significant for 
reporting fair health for countries above threshold. The income inequality of a country 
after taking account of individual income and mean income of the country is not an 
important factor for influencing health outcome for rich countries (above threshold) 
nor for poor countries (below threshold). Both compositional and contextual variables 
that I have included in my models, do not explain away all of the between country 
differences. However, there is a very evident pattern that the former communist states 
are grouped together with a tendency of having poor health, and are distinct from 
other countries. 
In my analysis, using a multilevel modelling approach provides the capability to 
separate out the so called artefact effect, which is introduced by Gravelle, from the 
true hazarded effect of income inequality. Once account is taken of individual income 
and its differential impact on self-rated health, there is a lack of support for the 
Wilkinson hypothesis. GDP has little effect in both rich and poor countries and 
income inequality doe not have the postulated effect on morbidity. Even when 
interactions are allowed between individual income and inequality, poor people in the 




Self-reported health, happiness, and life 
satisfaction: a global analysis 
5.1 INTRODUCTION 
The previous chapter was solely concerned with one measure of well-being, that is, 
self-rated health. While this is a valid instrument for assessing mortality risk, independent 
of other medical, behavioural and psychosocial risk factors, it does not necessarily capture 
the multifaceted nature of well-being. According to the definition from the World Health 
Organisation (2001), health is multidimensional, reflecting dimensions of physical, mental, 
and subjective well-being (SWB). The nature of the relationship between physical health 
and subjective well-being is that when our physical health is acutely or chronically 
compromised, the subjective well-being is reduced (The Royal Society, 2004). Happiness, 
life satisfaction as well as self-rated health are among vital components of subjective 
well-being. In this context, they have been studied separately and extensively (such as 
Kennedy, et al., 1998; Schyns, 2002), across various social and psychological sciences. 
As discussed in Chapter 2, Wilkinson considers these three variables as consequences of 
income inequality. He contends that the key mechanisms between income distribution and 
health operate through psycho-social processes. Countries where there is greater 
inequality should experience greater unhappiness, poorer life satisfaction and consequent 
poorer health. He argues that in developed economies, income inequality operates on 
health in only a minor way through poor material circumstances (such as inadequate diet, 
damp housing). For him the key link is that unequal societies are also socially divided 
societies: this places individuals within such societies in a stressful situation, which then 
manifests as a range of `social' problems, including violence, health inequalities and 
lower life expectancy. 
The role of these three variables, happiness, life satisfaction and self-reported health, has 
been inconsistently investigated. For instant, life satisfaction has been used as an outcome 
variable by Brief and his colleagues (1993) to be predicted by self-rated health, but in 
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other studies, self-rated health has been specified as the outcome variable while happiness 
has been consider as a predictor variable (Ostir, et al., 2001; Kubzansky, et al., 2001). 
However, in this chapter, rather than studying them separately or specifying one 
component as an outcome and the other as an exposure or a mediator, they have been 
treated as multiple outcomes for the same individual. Consequently the major aim of this 
part of the study is to examine the relationships between income and these subjective 
measures of well-being, at both the individual and country level, and to do so 
simultaneously. More specifically, I aim to analyse the World Values Survey to show the 
degree of correlation among self-rated health (on a five-point scale), happiness (on a 
four-point scale) and life satisfaction (on a ten-point scale), both at an individual level as 
well as a country level, taking account of wave, age and sex. I intend to develop these 
models by including individual and country income variables, to further examine the 
Wilkinson hypothesis that income inequality results in poor life indicators on a range of 
variables. 
In particular, the following research questions will be examined so as to develop the 
evaluation of the relative income hypothesis: 
0 Are there differences between countries as well as between people? Do countries that 
have high self-rated health also have high life satisfaction and happiness? 
0 How has each of the response variables changed over time? 
" What are the relationships between the three dependent variables and individual 
demographic predictors (age and sex) and income (quintiles)? 
0 How do the country differences relate to the income variable at the country level? 
" Does income inequality (EHII) have an effect over and above individual income and 
country GDP? 
" Does income and income inequality (EHII) have a differential effect above and 
below the threshold of $5k US dollars in 1990? Is there any difference between 
countries above and below this threshold? 
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" Does income inequality (EHII) have an effect over and above individual income and 
country GDP that is different for different income groups? 
The rest of the chapter is organized into three sections: data, methodology and results 
along with conclusions. The data section starts with description of the chosen dependent 
variables and their possible determinants in the light of the requirements of testing the 
relative income hypothesis. Secondly, a multivariate multilevel modelling technique is 
discussed as this is needed to analyse the multiple outcomes for respondents nested in 
waves and countries. Finally, the results will discuss the correlations between the 
dependent variables, and the extent to which the correlations are different at the individual, 
wave and country level, and the effect of income and income inequality on all three 
dimensions of well-being. 
5.2 DATA 
5.2.1 The World Value Survey data 
As discussed previously, we need individual measurements of the health outcome 
variables as well as individual demographical and social economic characteristics to 
evaluate Wilkinson's hypothesis. Continuing to work on the WVS data set, combined 
with income and income inequality data, we have a number of variables that will allow a 
direct test of the relative income hypothesis. Three dependent variables from the WVS 
will be used: 
" Self-reported health (variable 11 in the codebook; Inglehart et al., 2000) 
" Happiness (variable 10) 
" Life satisfaction (variable 65) 
Self-rated health is the same variable we used previously and requires no further 
discussion, Happiness has been assessed on a four point scale by asking the question 
"Taking all things together, would you say you are: very happy, quite happy, not very 
happy or not at all happy? ". Happiness can be seen as an indication that a person is 
biologically fit (near to the optimal state) and cognitively in control (capable of 
counteracting eventual deviations from that optimal state), in other words that he or she 
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can satisfy all basic needs, in spite of possible perturbations from the environment 
(Heylighen, 1992). According to Veenhoven (1991), life satisfaction is conceived of as 
"the degree to which an individual judges the overall quality of his life-as-a-whole 
favourably". In this WVS survey, it is measured by simply asking people directly "All 
things considered, how satisfied are you with your life as a whole these days? " The 
responses are given on a ten-point scales with those that the most dissatisfied giving a 
score of 1, wile the most satisfied giving a score of ten. Appendix 1 gives the exact 
questions in their English form used in the survey that have been selected in the present 
study. 
I will also use the same individual predictors, (age, sex, marital status, and individual 
income employed in Chapter Four. 
5.2.2 Income and income inequality of countries 
This part of the study again uses two global data sets. Country income is measured as 
GDP per capita (in purchase power parity for 2004 US dollars) on an annual basis from 
1970 to 2000 for some 232 countries. Income inequality data comes from the 
UTIP-UNIDO project at the University of Texas. This has some 3,200 observations over 
36 years (1963-1999). Galbraith and Kum (2004) have undertaken a number of qualitative 
comparisons to confirm that their predictions are an improvement on the lower-quality 
D&S data (see detail in Chapter Three). Detailed information of both data sets has been 
provided in the data section of Chapter Three. 
The structure is now the multiple responses at level one nested within individuals at level 
two (the real level one) nested within waves at level three and nested within countries at 
level four. There are some 69 countries include some 171,214 individuals and slightly 
over half a million responses (503,699). The key feature of this data set is that the data are 
available for individuals and have not been aggregated. Importantly, a single survey 
instrument has been used to collect the data on a large number of countries according to 
scientific sampling procedures. Consequently, these data provide an ideal empirical test of 
the relative-income hypothesis as it applies to a range of measures of subjective well- 
being. Table 5.1 lists the countries and indicates for each wave, whether a country has 
been surveyed in that specific wave. These data have a complex structure (multivariate 
repeated cross-sectional) with imbalance where some countries at particular wave did not 
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participate in the survey, and within each wave there are individuals who did not answer 
all three question (see Figure 5.1). 
The response variables exhibit a differing number of missing values, raging from Life 
satisfaction (4,019) to Happiness (2,896). Missingness (missing data) is ubiquitous in 
social science research. However, it is very important to discern whether the analyses are 
valid and under what conditions with missing data. The key is to examine the process by 
which data have become missing. Rubin (1976) distinguishes data as `missing at random' 
(MAR), from data `missing completely at random' (MCAR), or neither. For data to be 
missing completely at random, the probability that a particular value of a variable is 
missing is unrelated to the true value of that observation. The data can be considered as 
missing at random if the data meet the requirement that missingness does not depend on 
the value of the unobserved value after controlling for variables. For example, people 
who are depressed might be less inclined to report their income. In a model without 
income as a predictor variable, the missingness would be problematic, while conditioning 
on income, the missingness is MAR and much less problematic. If the data is MAR then 
random effects methods such as used in multilevel models, can proceed without explicitly 
modelling the dropout mechanism (Goldstein and Woodhouse, 1996). In the analysis that 
follows I have assumed that the data on the responses are missing at random, conditional 
on demographic and socio-economic characteristics. If this is the case, the random effects 
multilevel model will not be unduly troubled, (it is just another form of imbalance) and 
will provide valid estimates of the underlying relationships between the variables. 
5.2.3 Preparing to model 
The discrete dependent variables: `self-rated health' has been measured with a five-point 
scale (poor, fair, good, very good and excellent), `happiness' with a four-point scale (not 
at all happy, not very happy, quite happy and very happy) and `life satisfaction' with a 10- 
point scale (most unsatisfied to most satisfied). To facilitate analysis these have been 
replaced with an equivalently-ranked standard normal deviates, so that each has a mean of 
zero and a standard deviation of 1 (see Table 5.2). The minimum (around -4) and 
maximum (around 4) show a very symmetric distribution for each variable. This 
transformation is beneficial for two reasons. First, data have been transformed into a 
comparable scale among these outcome variables so that we can compare the effects of 
income on a comparable scale. Second, a multivariate multilevel modelling is based on a 
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multivariate normal distribution assumption (Rasbash et al., 2004) and this assumption 
will be fulfilled perfectly once the data have been transformed in this way. 
Table 5.1 The structure of the World values Surveys 
Code Country W1 W2 W3 W4 Code Country W1 W2 W3 W4 
930 Albania 14 Mexico * 
920 Algeria 504 Morocco 
22 Argentina * * * 5 Netherlands * " 
63 Armenia 554 New Zealand * 
17 Australia 29 Nigeria 
42 Austria * 18 Norway * * 
64 Azerbaijan 38 Pakistan * * 
69 Bangladesh 51 Peru " * 
112 Belarus * 608 Philippines 
7 Belgium * 25 Poland * 
28 Brazil * 41 Portugal 
2 Britain 630 Puerto Rico ' 
36 Bulgaria 807 Macedonia 
12 Canada * 61 Moldova * * 
30 Chile * 37 Romania " 
39 China * 50 Russia * 
6 Denmark * 15 S Africa 
68 Dominic Rep 24 S Korea * * * 
818 Egypt * 703 Slovakia " * 
222 El Salvador * 35 Slovenia ' 
48 Estonia * 8 Spain * * 
23 Finland * * 19 Sweden * * * 
I France * " 26 Switzerland 
62 Georgia 40 Taiwan 
56 Ghana 44 Turkey * * * 
16 Hungary 800 Uganda * 
21 Iceland " 49 Ukraine 
32 India * 834 Tanzania " 
360 Indonesia " 54 Uruguay 
9 Ireland * * 11 USA 
4 Italy * * 53 Venezuela 
13 Japan * * * 704 Viet Nam * 
400 Jordan 3 W Germany " * * 
47 Latvia * 716 Zimbabwe * 
46 Lithuania * 
Table 5.2 Summary measures for the dependent variables 
Variable Sample size Missingness Min Max Mean SD 
Happiness 171264 2896 -4.7958 4.6012 -0.0058 0.9992 
Health 171264 3178 -4.6256 4.4059 0.0000 0.9990 
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5.3 METHODOLOGICAL FRAMEWORK 
Multivariate response data are conveniently incorporated into a multilevel model by 
creating an extra level "below" the original level-one units to define the multivariate 
structure (Rasbash et al., 2004). Thus different responses are nested within individuals 
that are in turn nested within waves nested within countries. The basic form of the 
model (without any predictor variables) is: 
YIJkt = IIXOJkISH + (v1JkISH + µiki SH + y<<SH) 
Y2jkt = 02XOJkIH + (v2JklH + 92kIH+? 21H) 
Y3jkl = 03XOjk1LS + (V3jklLS +93kILS + 731LS) 
The response is a `long vector' with all three outcome variables `stacked' underneath 
each other so that YIikI is the first response (Self-rated health) for individual j in wave 
k of country 1, the variables SH, H and LS are dummy indicator variables that identify 
the specific response variables. The ß's give the estimated average response across all 
individuals and countries, the y's give the differential for countries from the global 
average, the µ's give the wave differential from the country differential while the v's 
give the individual differential from the wave differential. At each level, all the 
random effects (for individuals, waves and countries) are assumed to come from a 
joint normal distribution. Thus, y's are assumed to come from a multivariate Gaussian 
distribution which can be summarised by the following variance-covariance matrix: 
2 
Cri 6ri2 0'r13 
2 
(711,721,731)-N 0,12 6y2 6rz3 
2 
6ri3 6y23 O'y3 
168 
so that the variances on the main diagonal estimate how each response variable varies 
between countries, while the co-variances will allow the calculation of the correlation 
between the responses at the country level. Thus we can assess the extent to which 
countries with good levels of self-rated health are also those with high levels of 
happiness, and life satisfaction. The variance-covariance matrix at the wave and 
individual level will allow us to see the extent to which individuals and waves within 
countries are correlated in the dimensions of self-rated health, etc. 
We can then include variables at each level, such as individual income and country 
inequality, as specified in detail in Chapter Four. This will allow us to see the 
relationships between income inequality and the responses after controlling for 
individual income and average country income. Moreover, the variance co-variance 
matrices at each level will allow us to assess how much between-country and 
within-country variability has been accounted for by income variables, while the 
correlations between individuals and countries will now be conditional on the 
variables that have been included in the fixed part of the model. 
Data will be arranged to allow modelling on four levels: the various outcomes 
(Self-rated health, Life satisfaction and Happiness) at level one; nested in individuals 
at level two; nested within different waves at level three; nested within countries at 
level four. The same analysis strategy as in the last chapter will be applied to the 
model development. For the random part, however, there is no complex 
between-country variance for individual income of three categories. This is because 
with only 69 countries there is not enough degree of freedom to permit estimation of 
this more complex model. In all the models, individual sampling weights are included 
so as to provide a representative national sample. In practical terms, three sets of 
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individual weights are stacked to form a column the same length as response 
indicators and then these weights are declared at level 2 that is the level of the 
individuals. All the models have been fitted using the MLwin Software (Rasbash et al., 
2004) using IGLS estimation to get initial models, then a burn in' of 500 and then 
50000 simulations. The resultant models can be compared with the DIC diagnostic. 
5.4 RESULTS 
Table 5.3 presents the results of the multivariate multilevel models in the order of 
their development and complexity. The first model (Model 1) is a null (empty) model 
with four levels and a multivariate structure. Because each dependent variable has a 
variance of approximately 1, it is a simple matter to partition the variability to within 
and between countries. Thus for Health, 19% of the variability is between countries 
whereas 81% is within countries between waves between people. The variable with 
the greatest between-country variation is happiness, and the lowest is for self-rated 
health. It must be stressed, however, that all three variables show significant 
between-country differences (chi-square analysis revealed that all were significant at 
p=0.05). Clearly there is a significant national geography to the three variables. 
Turning now to the correlation between the three variables, the multivariate multilevel 
model allows us to estimate the correlation between countries, between waves and 
between people. Bold numbers in the random parameters section shows correlations 
between the three responses of each model in Table 5.3. At the country level, the 
correlations are much more substantial. Happiness, Self-rated health and Life 
satisfaction are highly correlated at more than 0.5; so countries with happy people 
1 Typically, 'bum in' samples are initial samples which are not completely valid. This is because the 
Markov Chain has not converged. So the `burn in' samples allow you to discard these initial samples. 
Odd that this is here when used MCMC in last chapter 
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tend to be places with good self-rated health and high life satisfaction. In Figure 5.2, a 
matrix plot of country residuals for the three variables shows such a pattern, for 
example, Puerto Rico (code 630) is in the top ten highest countries on all three 
responses. 
Figure 5.2 The matrix plot of country level residuals for Happiness, Self rated 
health and Life satisfaction variables 
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Table 5.4 lists in detail the country residuals of the top ten and bottom ten countries 
from the global average. Countries such as Puerto Rico and New Zealand are within 
the top ten countries that are high on self-rated health, life satisfaction and happiness. 
However, Tanzania has the high levels of happiness and health but low levels of life 
satisfaction. Moreover, countries from the former Soviet Bloc such as Ukraine, 
Hungary and the Russian Federation, have the lowest happiness, health and life 
satisfaction. In addition, some OECD high economic countries surprisingly reported 
themselves unhappy and not very healthy in their countries such as Spain, Italy, 
France and West Germany. 
Happiness 
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Table 5.4 Country differentials from global averages in Happiness, Self rated 
health and Life satisfaction; ten best and ten worst countries for each 
variable 
Rank Country Happiness Country Self-rated Health Country Life satisfaction 
1 Tanzania 1.582 Albania 0.946 Puerto Rico 1.356 
2 Puerto Rick) 1.174 New Zealand 0.814 New Zealand 0.737 
3 VietNam 1.117 Puerto Rico 0.729 Ghana 0.706 
4 El Salvador 1.006 Morocco 0.722 El Salvador 0.666 
5 Venezuela 0.868 Jordan 0.660 Switzerland 0.550 
6 Philippines 0.837 Tanzania 0.642 Iceland 0.536 
7 Nev Zealand 0.816 Uganda 0.630 Sweden 0.454 
8 Egypt 0.639 Zimbabwe 0.622 Dominic Rep 0.423 
9 Algeria 0.622 Macedonia 0.589 Uruguay 0.398 
10 Indonesia 0.569 Ghana 0.583 Finland 0.391 
60 Britain -0.481 Moldova -0.550 Tanzania -0.531 
61 Romania -0.515 Russia -0.572 Estonia -0.538 
62 Slovenia -0.545 Spain -0.580 Bulgaria -0.579 
63 Ukraine -0.574 Japan -0.597 Georgia -0.600 
64 Spain -0.593 Ukraine -0.629 Pakistan -0.650 
65 Hungary -0.705 France -0.666 
Belarus -0.692 
66 France -0.727 Poland -0.67I 
Zimbabwe -0.691 
67 W Germany -0.827 Italy -0.677 Armenia -0.732 
68 Italy -0.850 W Germany -0.754 Moldova -0.786 
69 Bulgaria -0.892 Hungary -0.977 
Ukraine -0.899 
There is relatively small within country between-waves variations which mean that 
the countries are quite similar between different waves. At this level, the correlation 
between Self rated health and Happiness is still high, but the correlation is very low 
between Self rated health and Life satisfaction, even lower than the correlation 
between individuals. So that changes over time in Self-rated health is not correlated 
with changes over time in Life satisfaction. It is not surprising that there are very large 
within-wave between-individuals variations. The correlations between the three 
variables are much smaller. In other words, knowing about people who report 
themselves in a good health does not tell you in a great deal about whether they are 
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happy or satisfied with their life. But all the correlations are still trivially significant 
(P < 0.000) due to the large sample size. 
The time variables of different waves are needed in the fixed part of the model to 
describe the general trend, as the z-ratios for the fixed part coefficients of all the 
waves in each of the dependents exceeds the 0.05 cut-off of 2. Figure 5.3 plots the 
predicted trend of each outcome variable across the study period. In general, 
Happiness and Self-rated health has similar overall increasing patterns, while Life 
satisfaction has overall downward trends. However, we should not make too much of 
this because of the issue of different countries in the sample at different waves. There 
is also danger here of results being significant but based on very large sample size, but 
not being substantively important. 
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Model 2 examines the relationships between the three dependent variables and the 
individual variables: age, sex, marital status and income quintile. The change in the 
DIC between model I and model 2 shows the importance of these variables in 
accounting for variations in the response variables. Table 5.5 summaries all the joint 
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chi-square testing of each of the continuous predictors or each set of categorical 
dependent variable; e. g. for the sum of five income groups for happiness is 1830.03. 
All the effects are significant. Married status has the most significant influence on 
Happiness, as does individual income on Life satisfaction, and age for Self-rated 
health. 
Table 5.5 The joint chi-square for the testing of each set of individual variables 
for each dependent variable 
Happiness Health Life Satisfaction 
Age 118.72 4738.81 35.80 
Sex 88.34 39.11 50.06 
Income groups 1830.03 2460.56 3021.42 
Married status 2287.50 140.13 663.88 
A series of graphs showing the detail of individual effects separately for each outcome 
is given in Figure 5.4. These are shown in relation to the base category that is middle 
class 40-year-old married man in 1981. Figure 5.4 a) demonstrates the individual 
effect of age and sex. The elderly of both genders tend to report greater poor health 
and unhappiness than young people, but are more satisfied with life. There is a 
significant interaction between gender and age so that women are more likely than 
men to report themselves happier and more satisfied when they are young, but the 
differences lessen with age as they get older. However, men have higher Self-rated 
health than women, and the gap between genders increases slightly as they get older. 
The biggest effect is the relation between age and Health. 
Figure 5.4 b), shows the impact for marital status. Respondents in the marital situation 
of separated, widowed and divorced (SWD), are more likely to report a worse 
situation than couples and singles; this is especially the case for Happiness and then 
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Life satisfaction. Single people experience less happiness, poorer health and less life 
satisfaction than couples, but the worst results on all three responses are for the SWD 
group. This result, confirmed by Veenhoven (1989), in summary is that singles are 
typically less happy than the married, and that the widowed and the divorced are 
particularly inclined to unhappiness. This difference has always been taken to show that 
the presence of a partner makes life more satisfying; in other words that marriage brings 
happiness. Moreover, where marital status is Unknown, there is no difference in terms 
of health compared with couples; the unknown group is as happy as single people, but 
is less satisfied with their life than couples or singles. 
There is a very consistent `dose-response' relationship between each of the three 
outcomes and individual income. Individual income affects them all to a similar 
degree and in a similar way. As income goes from the wealthiest quintile (9&10) to 
the lowest quintile (1 &2), the less he/she tends to be happy, healthy, and satisfied with 
himself/herself in life, with the largest effects being found for Life satisfaction (see 
Figure 5.4 c). 
In the random part of the model, the correlation between the dependent variables in 
general has increased in the country level, and decreased in the individual level (see 
Model 2 in Table 5.3), but all these changes are relatively small and insubstantial. 
There remain considerable between-country variations that do not attenuate 
substantially when individual characteristics are included. In other words, these 
individual characteristics are not significantly different from country to country. Table 
5.6 shows that the country differences for the top ten and bottom ten countries are 
similar to the previous model with Puerto Rico and New Zealand still within the best 
ten countries of all outcome variables, and the ten worst countries still dominated by 
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the Eastern European block and some OECD countries. 
Figure 5.4 individual effects 
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Furthermore, there is little change in their ranking in Table 5.6. Zimbabwe has been 
found to be a country experiencing very good health but lower Life satisfaction. 
Table 5.6Country differentials from the global average in happiness, health and life 
satisfaction; ten best and ten worst countries (based on Model 2) 
Rank Country Happiness Country Self-rated Health Country Life Satisfaction 
1 Tanzania 1.564 Ne%ý 7ealand 0.881 Puerto Rico 1.512 
2 Puerto Rico 1.211 Puerto Rico 0.816 New Lealand 0.692 
3 Viet Nam 0.968 Albania 0.801 El Salvador 0.629 
4 El Salvador 0.914 Tanzania 0.546 Ghana 0.628 
5 Venezuela 0.877 Venezuela 0.545 Switzerland 0.519 
6 New tealan 3 0.751 Jordan 0.534 Iceland 0.490 
7 Philippines 0.718 Macedonia 0.523 Dominic Rep 0.449 
8 Algeria 0.598 Uruguay 0.518 Sweden 0.428 
9 Egypt 0.511 Morocco 0.487 Venezuela 0.409 
10 Uganda 0.465 7imbabwwe 0.486 Uruguay 0.394 
60 Moldova -0.502 Russia -0.468 Georgia -0.51 
61 Belarus -0.506 Spain -0.484 Russia -0.561 
62 Spain -0.525 Ukraine -0.493 Zimbabwe -0.568 
63 Lithuania -0.568 Moldova -0.518 
Lithuania -0.595 
64 Ukraine -0.583 Japan -0.537 Pakistan -0.597 
65 Hungary -0.590 Poland -0.545 Bulgaria -0.674 
66 France -0.621 France -0.577 Moldova -0.707 
67 Italy -0.723 Italy -0.583 Belarus -0.712 
68 W Germany -0.726 W Germany -0.637 Ukraine -0.957 
69 Buh-, aria -0.814 Iluncary -0.821 Armenia -0.858 
As a preliminary exploratory evaluation of the elements of the Wilkinson hypothesis, 
the country level residuals for each response were graphed against average GDP and 
Inequality for each country in Figure 5.5. Also placed on the graph is a LOWESS 
curve (Cleveland, 1979) showing the underlying local relations. Overall there would 
appear to be a positive relation between GDP and each of the three responses, which 
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But once again the overall results for inequality contradict to the Wilkinson 
hypothesis in that more unequal countries tend to happier, healthier and more 
satisfied. 
Model 3 includes GDP and an interaction with the Wilkinson development threshold 
as a predictor for each response, and in comparison to Model 2 there is a reduction in 
DIC of 5. Figure 5.6 shows the linear relationships between each outcome and 
country income for the countries above (row above) and below (row below) 
Wilkinson's threshold of five thousand US dollars in 1990. These are after taking 
account of individual income. Overall, a country's income has a larger degree of 
impact on life satisfaction, and the relationship is consistent across the threshold. 
People in richer countries, even if they are below the threshold, are more satisfied. In 
contrast, people who live in the counties with GDP below Wilkinson's threshold, 
experience worsening health as well as less happiness as GDP increases. Both these 
results are somewhat unexpected. Above Wilkinson's threshold, the wealthier a 
country is, people are more satisfied in their life but there is no similar effect for 
happiness and perception of their health. In part this supports the Wilkinson 
hypothesis; a richer advanced economy country does not result in a happier or 
healthier one. 
Estimated household income inequality and its interaction with the threshold were 
then additionally included to form Model 4, which was a better fitted model with 
substantial improvement in DIC than Model 3. The key results are presented in Figure 
5.7 and are unambiguous. If there is a relationship between inequality and the three 
aspects of social well-being, then this relationship (both above and below the income 
threshold) is exactly the opposite of that suggested by Wilkinson. 
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Figure 5.6 Separated outcome predictions associated with country income 
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Figure 5.7 Separated outcome predictions associated with country income 
inequality 
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Income inequality of a country is associated generally with improved Happiness, 
Self-rated health and Life satisfaction but the effects are relatively shallow and have a 
wide confidence interval. It is maybe, however, that the posited relative inequality 
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hypothesis works differentially for people of different individual income. 
Consequently, the final Model 5 was fitted with interaction terms between individual 
income and inequality to allow testing this argument. Again the results are consistent, 
but do not support the Wilkinson hypothesis. All five groups of individual income 
show greater happiness, healthiness and life satisfaction as inequality increases, and 
this is the case both for countries above and below the threshold. The only new 
finding is there is a tendency, for Happiness and Life satisfaction to show an 
increasing gap between incomes as inequality increases. Rich people are even happier 
and more satisfied when there is high inequality; but, and against the Wilkinson 
hypothesis, there is still no sign of a negative effect of inequality. 
Figure 5.8 Separated outcome predictions associated with country inequality for 
different individual income group of countries which arc above (top 
row) / below (bottom row) five thousand US dollars in 1990 





03 0.3 0.3-- :, t*. 
00 --------- 0.0 ------- 0.0 - --------------- 
CI -0.3 -03 -03 
23 31 39 47 55 23 31 39 47 55 23 31 39 47 55 
Inequality (EHII) Inequality (EHII) Inequality (EHII) 
14 1.4 1.4 










.2 0.0 00 00 
21 ä -03 -0 3 -0.3 
0 723 
31 39 47 55 
0 723 
31 39 47 55 
0.7 
23 31 39 47 55 
Inequality (EHII) Inequality (EHII) Inequality (EHII) 
186 
Turning now to the random between-country part of Model 5, the differences remain 
substantial and have not attenuated greatly as individual and country by wave 
variables have been included. Figure 5.9 shows the country estimated residuals 
against each other in a matrix plot. The novel and dramatic feature of this plot is the 
`clumping' of the Former Communist Countries which all share the lower happiness, 
poor of health and lower life satisfaction. 














  FCC 
5.5 CONCLUSIONS 
There are significant differences between countries as well as between people within 
any country. In general, Self-rated health as well as Happiness is increasing through 
time but not Life satisfaction. There is a danger, however, of over interpreting, since 
this is not a longitudinal analysis, where the same people have been measured through 
time. There is substantial individual effect of age and sex that the elderly of both 
genders tend to report poorer health and less happiness than young people, and live 
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somewhat more satisfied lives. The separated, widowed and divorced (SWD), are 
more likely to report a worst situation than couples and singles; single people are less 
happy, have poorer health and less life satisfaction than couples. There is a very 
consistent `dose-response' relationship between each of the three outcomes and 
individual income. Individual income affects the others to a similar degree and to a 
similar pattern (as income goes from the wealthiest quintile (9&10) to the lowest 
quintile (1&2), the less he/she tends to be happy, healthy and satisfied with 
himself/herself in life), with the largest effects being found for Life satisfaction. 
The relationship between the three responses and GDP is a complex one. In the richer 
countries above the threshold, only Life satisfaction shows a significant positive 
relationship. Increased GDP is associated with greater individual life satisfaction but 
higher GDP does not bring greater happiness nor improved health. Income inequality 
has no significant effect on Self-rated health. This evidence is contrary to Wilkinson's 
key argument that it is not income but income inequality that affect people's health 
outcome. However, income inequality has positive significant effect on Happiness and 
Life satisfaction but the effect is opposite to what Wilkinson anticipated. The more 
unequal a country's income distribution is, the more their people feel happy and 
satisfied with their life. 
Wilkinson also stressed that people who have suffered the most from income 
inequality are poor people. I found that that while the income gap increased with 
inequality for Happiness and Life satisfaction, the improved response for the rich was 
not being achieved at the expense of a worse response for those with poorer individual 
income. There remains substantial between-country variation that is not accounted for 
by either individual characteristics nor GDP and inequality. It is a feature of this 
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unexplained variation that the former Communist Countries all report lower happiness, 
poorer health and lower life satisfaction. 
1) 
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Chapter 6 
An analysis of self-rated health and social trust 
using the World Values Survey 
6.1 INTRODUCTION 
This final analytical chapter analyses the relationships between self-rated health and 
individual and societal trust. As such, it extends the consideration of the Wilkinson 
relative income hypothesis into the realms of the effects of social capital and social 
cohesion. As discussed in Chapter Two, there is considerable recent interest in the links 
between growing income inequality, falling social cohesion, increasing psycho-social 
stress and worsening health. Moreover, the analysis of societal trust may give some 
insight into distinctive results found in Chapters Four and Five for the former Soviet Bloc 
countries. 
The idea of group social effects is not a new one. Emile Durkheim (originally published 
in 1895) argued In The Rules of Sociological Methods, that "The group think, feels and 
acts entirely differently from the way its members would if they were isolated. If 
therefore we begin by studying these members separately, we will understand nothing 
about what is taking place in the group" (1982, p129). For him, the effect of the group is 
more than a sum of the parts. Such an approach has been given a major boost with the 
work of Robert Putnam through his development of the concept of social capital. Social 
capital is defined as the extent of connectedness and solidarity among groups in society 
which can be facilitated by social structure (such as trust, norms, and sanctions). In 
Bowling Alone (1995), he argues that the USA has suffered a major collapse in civic, 
social, associational, and political life (social capital) since the 1960s, with serious 
negative consequences. His main finding is that virtually every traditional civic, social, 
and fraternal organization -- typified by bowling leagues -- had undergone a major drop 
in membership. Putnam makes a destinction between two kinds of social capital. Bonding 
capital occurs when you are socializing with people who are like you: same age, same 
race, same religion, and so on. But in order to create peaceful societies in heterogenous 
multi-ethnic countries, one needs bridging capital. Bridging is what you do when you 
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make friends with people who are not like you, and you have trust in others. 
There has been a growing interest in the effects of various forms of social capital on 
health and recent work has been summarised by Kawachi and Berkman (2000). An early 
example is Kawachi et al (1997) who demonstrated the ecological association at 39 states 
level in the USA between three different measures of social capital (social trust', other 
social capital measures2 and group membership3) and income inequality and mortality in 
1990. They found that a strong correlation of r=0.77 between States with high levels of 
mistrust and high levels of all-cause mortality and 58% of the variance in total mortality 
is explained by the social trust. Other social capital measures shows nearly identical 
results with r=0.79 from social trust, however, a weaker but still remain statistical 
significant correlation of r= -0.46 for the measure of group membership. They contend 
that income inequality has induced rising mortality rates via disinvestments in social 
capital. In another example, Lochner et al., (2002) found a significant ecological 
association between low mortality rates and aggregated community level variations in 
interpersonal trust 4, reciprocity and group membership 6 for 342 Chicago 
neighbourhoods in the USA. 
Social capital in the form of trust has also been implicated in the mortality crisis being 
experienced by the former Soviet Bloc countries. For example, Kennedy et al (1998) 
argue that "Citizens living in societies with a high degree of social cohesion -- 
characterized by strong social networks and high levels of interpersonal trust -- seem to 
be healthier than those living in socially disorganized societies". Using household survey 
data they carried out a cross-sectional, aggregate analysis of the association between 
indicators of social capital and mortality rates across 40 regions of Russia. They found 
Social trust measured by responses to "Do you think most people would try to take advantage of you if 
they got the chance, or would they try to be fair? " 
2 Other social capital measured by agreement to "You can't be too careful in dealing with people" and 
"People mostly look out for themselves". 3 Group membership measured by the per capita number of groups and associations to which residents in 
each state belonged. 
4 Perceptions of trust were measured by the proportion of residents in each neighborhood cluster answering 
strongly agree/agree to the question that "people in this neighborhood can be trusted" S Reciprocity were assessed as the proportion of residents in each neighbourhood answering strongly 
agree/agree to the question that "people around here are willing to help their neighbours" 6 Survey respondents were asked about membership in a variety of voluntary associations, including 
religious organizations, neighborhood associations, business or civic groups, neighborhood ethnic or 
nationality clubs, as well as neighborhood/local political organizations. From these responses, we 
constructed a measure of the average per capita associational membership in each neighborhood. 
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associations between indicators of social capital (mistrust in government, civic 
engagement in politics) and life expectancy, as well as mortality rates. They suggest that 
in the absence of civil society, more people in post-Soviet Russia rely on informal 
sources of support (friends, family) to deal with their day-to-day problems. Those lacking 
such sources of support may have been especially vulnerable to the economic hardships 
following the transformation to a market economy. 
More recent studies have correctly moved away from aggregate analyses to multilevel 
approaches which allow the assessment of group or contextual effects in addition to, or 
interaction with, individual characteristics. A pertinent example for the present analysis is 
the study by Subramanian et al (2002) which investigated the effect of individual and 
group-level social trust on self-rated health for 40 US communities. They found that 
when community trust is low, there is little differential effect for individuals with a high 
and low trust. But at high levels of community trust, those expressing low trust 
experience much worse health. They describe (p531) their results as `preliminary', 
suggesting that such complex interactions would benefit from more in-depth 
investigations. This is precisely what this chapter aims to do by replicating their analysis, 
using multilevel models and the WVS data to examine the relationship between 
individual self-rated health and social trust both at individual and country level, after 
taking account of individual demographic and income variables. 
The aims of the present chapter are to examine and demonstrate: 
" the overall relationship between individual self-rated health and individual 
demographic and economic factors 
" the extent to which individual demographic and economic factors account for 
between-country variations in self-rated health; 
" the overall relationship between individual social trust and self-rated health after 
taking account of individual demographic and economic factors; 
" the extent to which individual social trust accounts for between-country variations in 
self-rated health; 
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" the overall relationship between country social trust (measured by aggregating 
individual responses to a question about interpersonal trust) and self-rated health; 
" the extent to which this cross-level relationship between country trust and individual 
health is an artefact of individual perceptions social trust; Is there a contextual effect 
of country trust after taking account of individual differences in trust? 
Does between individual trust and contextual (country) trust interact in affecting 
health status; e. g. do people with high social trust living in a `trusting' country feel a 
particular health advantage? 
This list of questions represents a range of model fitted in exactly the same order as the 
original investigators, consequently the chapter will conclude with a comparison of the 
WVS results with that of Subramanian et al's 2002 paper. 
The remainder of the chapter is in three parts; data, methodology and results with 
discussion. Firstly, in the data section, I outline the questions employed to operationalize 
ill-health and trust and consider how the WVS dataset needs to be manipulated to achieve 
the objectives outlined above briefly. Second, I will apply the technique of Binomial 
multilevel modelling. This is used here because the response variable to match the 
Subramanian et al paper is binary categories (good and poor health) thereby requiring 
binomial modelling; and the WVS data has a three-level structure individuals who are 
nested within different waves, with countries at the top of the hierarchical structure, 
thereby requiring multilevel modelling. In Chapter 4 we have introduced multilevel 
models for response variables with more than two categories; multinomial multilevel 
modelling, at length. The logistic models are simplifications that do not require detailed 
development. Consequently I will concentrate on the sequence of models fitted. This 
methodology allows us to model the micro level (age, sex and individual income), the 
macro level (mean income and income inequality) and the cross-level interactions 
between individual and country trust. The final part of the chapter reports a series of 




The requirement was to replicate the Subramanian et al (2002) study and hence I need to 
use, as far as possible, the same concepts based on the same questions for both health and 
trust; the difference being that my places are countries as befits the original Wilkinson 
hypothesis rather than intra-national communities. This was indeed achieved with single 
exception of race. 
6.2.1 The World Value Survey data 
The analysis was based on scientific sampling of the World Values Surveys and European 
Values Surveys, which amalgamates over 60 surveys through four waves (1981,1991, 
1995 to 1997 and 1999-2001). This survey was compiled from a worldwide investigation 
of attitudes and norm on socio-cultural and political change by interviewing under the 
direction of Ronald Inglehart (1997,2004) who is responsible for the cooperating, 
assembling and documenting the WVS with a group of other researchers. 
6.2.1.1 Outcome measure 
Self-reported overall health status of individuals has been commonly used as a valid 
indicator of health. As discussed in Chapter Four, there is an extensive amount of 
literature that shows this indicator is capable of assessing mortality risk independent of 
other medical, behavioural and psychosocial risk factors. It was determined from people's 
response to the following question: "How would you describe your state of health these 
days? Would you say it is excellent, very good, good, fair, or poor? ". To facilitate 
comparable results with Subramanian et al (2002), I have reclassified the fivefold 
category to form a dichotomous outcome of self-rated health which 0 is for excellent, 
very good and good and 1 for fair and poor. In other words, we analyzed the underlying 
probability of reporting fair/poor health. 
6.2.1.2 Independent variables 
Self-rated health will be related to predictors at both the individual-level and 
country-level. At the individual level, we consider key demographic variables (age, 
gender, marital status) and income class characteristics. Perceptions of individual trust 
were determined by individual responses to a general question on interpersonal trust 
("Generally speaking, would you say that most people can be trusted or that you can't be 
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too careful in dealing with people''") with the potential responses being "people can be 
trusted. " and "you can't be too careful, ". At the country level, a contextual social trust 
variable, measured on a continuous scale, was derived by aggregating the individual 
responses to questions on interpersonal trust. Values were calculated by taking the 
arithmetic average of the weighted individual-level measures for each country at each 
wave to approximate national population values. In each country, the investigators were 
asked to provide a 4-digit , veight variable to correct their sample to reflect national 
distributions of key variables. If no weighting was necessary, each case was simply 
weighted as 1. Given the relatively large size of the sample at each country for each wave 
(the minimum is 1000), there should not be a substantial problem of sampling reliability. 
Figure 6.1 gi\ es a general picture showing the changing average trust by all the country 
through waves. In general. average trust is more variable between countries from wave 2 
to 3. Most west European countries are increasing from wave I to 2 (dark blue lines). The 
Nordic countries, shown by black lines, have the highest average level of trust. North and 
South America and Canada are decreasing in their average trust (Green lines). As 
expected. the former Soviet Bloc and its satellite states have the lowest average trust and 
getting wore (red lines). However, the worst trust of all is for Brazil. 












Table 6.1 shows the detailed mean social trust of former Soviet Bloc Countries and global 
average by wave. In general, global mean social trust decreases through waves as people 
trust each other less on average over time. There are no data for any country in wave one 
which used to be under communist government. All of the countries in each wave have 
lower social trust on average compared to global. The data show considerable variation, 
and this should allow a good test of the Trust hypothesis. 
Table 6.1 The mean social trust for former Communist Countries compare to global by 
each wave 
Wave Country Mean Wave Country Mean Wave Country Mean Wave Country Mean 
WI-W4 Global 0.3172 
W1 Global 0.4253 W2 Global 0.3546 W3 Global 0.2870 W4 Global 0.2563 
W2 Latvia 0.1905 W3 Russia 0.1696 W4 Moldova 0.1469 
W2 Slovenia 0.2110 W3 Moldova 0.1914 W4 Macedonia 0.2259 
W2 Bulgaria 0.2110 W3 Belarus 0.2051 W4 Albania 0.2259 
W2 Romania 0.2110 W3 Lithuania 0.2222 
W2 Slovakia 0.2306 W3 Georgia 0.2255 
W2 Hungary 0.2459 W3 Armenia 0.2255 
W2 Poland 0.3448 W3 Azerbaijan 0.2255 
W2 Russia 0.3841 W3 Latvia 0.2748 
W3 Estonia 0.2748 
W3 Ukraine 0.2748 
W3 Poland 0.2940 
6.3 METHODOLOGY 
In the context of the analysis presented here, the multilevel techniques allow estimation 
of (1) the overall relationship between individual factors and self-rated health across all 
countries ("fixed parameters"), (2) the variation between countries in self-rated health 
that cannot be accounted for by these factors ("random parameters"), and (3) the effect of 
country level predictors on self-rated health and how this effect can vary for different 
individual (compositional) characteristics ("cross-level interactions as fixed parameters"). 
Since the response is binary, a multilevel logistic binomial model based on a Iogit"link 
function was used (Goldstein and Rasbash, 1996). The use of a logit function and 
binomial variation is for the same reasons as discussed in Chapter Four for using the 
multinomial methodology. The estimation carried out by using the MLwiN program 
(version 2.0) using MCMC estimation procedures. The use of this estimation procedure 
corrects for any underestimation that could have occurred using maximum likelihood 
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estimations (such as predictive/penalized quasi likelihood approximation) and allows the 
calculation of the Deviance Information Criterion (DIC) which provides a comparative 
measure of how well the model has been fitted. The smaller the value is, the better the 
model (Spiegelhalter et al, 2002). All models were estimated using logit (logarithm of the 
odds) function but for ease of interpretation, and as appropriate, I use logits transformed 
to proportions, odds ratios (OR) or both. All models are fitted with accompanying sample 
weights at level 1 to adjust for potential sampling bias in the survey. 
The following first six models (Model 1 to Model 4B) were sequentially developed in the 
same manner as Subramanian et al (2002). The models are: 
Model 1: a three-level null (empty) model of individuals (level 1) nested within 4 waves 
(level 2) nested within 69 countries (level 3) with no predictor variables in the fixed and 
random parts except as set of dummies representing waves (with wave 1 as reference) in 
the fixed of the model with sample weights on. This model provided a baseline for the 
comparison of the degree that the compositional and contextual variables account for the 
variation in self-rated health between countries or within country between waves in 
subsequent models. 
Model 2: this is the same as Model 1, but includes all the individual predictors (except 
individual trust) in the fixed part of the model. The model assessed the effect of 
individual predictors on self-rated poor health. Individual predictors were entered in the 
model in two sequential steps: first, the demographic variables age, sex, agc*scx 
interaction and marital status was included (Model 2A) and then socioeconomic status 
variables (individual income groups) were added (Model 2B). The contextual variation in 
self-rated poor health between countries was estimated before and after taking into 
account the compositional effect of individual demographic and economic variables. 
Model 3: this the same as Model 2, but considers the fixed effect of country- aggregated 
social trust on individual "self-rated poor health and the extent to which it explains the 
country-level ' differences:., -, ' 
Model 4 A&B; this is the same as Model 3, but considers the effect of interpersonal trust 
at the individual level to -evaluate the relative importance of individual-level versus 
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country-level social trust (Model 4A). In addition, we also considered how the effect of 
country social trust on self-rated poor health differed for low- and high-trust individuals 
(Model 4B). 
The final most complex model 4B is specified as follows as below: 
Log (TLijk) = 00jkXOijk + ß1W2jk + ß2W3jk + ß3W4jk + 134Fijk + 
RSAgeijk + ß6 F*Ag*eijk + ß7 
Mswdijk + (38Msigijk + (i9Munkijk + ß, ol1&2ijk + ß11I3&4ijk+ ß12I7&8ijk + ßI3 
I9&10ijk + P14lUnkijk + 115HTrustlijk + ßl6TrustCjk + pI7HTrust*TrustCijk + 
(µ0jkX0 + VOk X0) 
Where the variables are defined as follows: 
" Log (7rijk) is the log of the odds of reporting poor health for individual i in wave j 
in country k at time point j for individual i; 
" XQ; Jk is the constant; 
" W2 Jk, W3 jk and W4 Jk are dummy variables (with WI as the base) for each survey 
wave; 
" Fisk is a indicator variable identifying females with a 1, males with a 0; 
" Age; jk is the age for each individual centred around age 40; 
" F*Age jk is interaction between the female dummy and continuous age; 
" Mswd1Jk, Msig; jk and Munk; jk (with Couple as the base) represent dummy variable 
of each marital status category; widowed/separate/divorced, single and unknown 
respond, respectively; 
" I1&2; ßk, I3&4ijk, 17&8; ßk, I9&10ijk and Iunkjk (with 15&6 as the 
base) are 
dummies for income quintiles; 
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" HTrustl; jk is the dummy variable for individual level interpersonal trust with low 
trust as the base; 
" TrustCJk is a continuous scale of national aggregated trust centred around 0.3; and 
finally 
" HTrust*TrustCuk is the interaction between individual and country social trust. 
The fixed parameters which show the overall relationship between self-rated health and 
both individual and country predictors consequently have the following meaning: 
PO is the global mean log-odds of poor health of the reference group 
(a middle income 40 years old married male with low interpersonal 
trust who live in a country with the average trust around 0.3) in 
1981; 
01,02. ß3 define the increasing or decreasing differential log-odds of 
reporting poor health in each survey time point in comparison to 
1981; 
04 is the gender gap for self-rated poor health; the difference between 
male and females in the log-odds; 
ßs estimates the change in the log-odds of poor self-reported health 
for a change in one year of age for female; 
06 the interaction level between age and gender to see whether the 
differences between gender change with age; 
07, (38, (39 define the difference for marital status in contrast to the base of 
`couple'; 
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010,01 1, ßi2, (313, ß1a is the differentials for each income group in contrast to middle 
income 5 and 6 on the quintile scale; 
Pis defines the differential effect for high individual social trust 
compare to low social trust; 
016 is the estimate of the effect of country trust on log-odds of being in 
poor health; 
017 estimates the effect of cross-level interaction between country and 
individual social trust; 
The random part summarises the variations between countries and waves in self-rated 
health that cannot be accounted for by the included factors. There is a complex 
expression for the variability around the global trends that is differentiated for low and 
high individual social trust (VOk Xo + µojkXO) where 
Vok is the country differential in 1981 for low trust 
tOik is the differential between waves within each country 
6.4 RESULTS 
Table 6.1 provides a summary of the final data considered for the analysis. Except for age, 
individual characteristics were specified as categorical variables, with a base and a set of 
contrast indicator dummies. The total number of individual observations from 69 
countries was 171,264. After excluding the missing data on the predictor variables, I 
conducted a multilevel regression analysis on 163,328 individuals nested within 4 waves 
(1981,1991,1995-97,1999-2000) at level 2 for 69 countries at level 3 (Table 6.2). 
The results of the multilevel models are presented in Tables 6.3 with their estimate of 
standard errors and the DIC statistics in the order discussed above. We found that 
approximately 46.7% of the respondents in 1981 reported to be in poor/fair health by 
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converting the logit estimates from model 1 (the null model). However, through time the 
probability reduced to 19.1% in 2000. Gradually, less people said they are in poor health, 
but we have to be careful for this interpretation again, due to different countries 
participating in different waves. 
Figure 6.2 shows the between-country variation as point estimates on a logit scale. tier 
poor health in comparison to good. These are values derived across all the waves of the 
survey. In this figure, a 'caterpillar plot' shows the logit estimates and their 95% 
confidence intervals plotted against rank with former Soviet States highlighted in red. 
The horizontal dashed line indicates the average of all countries set to zero. Quite a tew 
countries are significantly above and below the average at both ends statistically. 
Countries which reported low poor health in logit are mainly west wealthy economies 
(Ireland, Switzerland and Canada etc. ) and Nordic countries (such as Denmark, Norway, 
Finland and Sweden). Nine out of ten countries which reported high poor health are 
former Soviet States. Consequently, the average logit proportion reporting poor fair 
health in a country is very different from each other. 
Figure 6.2 Between-country differences (based on Model 1) 
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Turning now to the level 2 variances of within countries between waves, it can be seen 
that these are much smaller (ENO = 0.038) than between countries (a 2=0.473). Thus, 
there was some variation within countries across waves, but the effects are not as 
substantial as between-country differences. Those countries with poor health tended to 
remain so across time. 
Model 2 additionally includes a range of individual variables for respondents, 
representing demographic characteristics (Model 2A) and income status (Model 2B). The 
reference group in model 2B - the model with all the individual predictors - is a 
40-year-old, married male who belongs to the middle income category (I5&6). The 
independent differential effects (compared to the above reference group) of each 
individual variable are now presented. The main effect for each of the covariates was 
estimated after controlling for the remaining ones (see Table 6.3, model 2B). There is a 
substantial improvement as witnessed by the substantial lowering of the DIC (13426.99, ) 
It is the sum of 11584.36 in the model 2A plus a further reduction 1842.63 in the Model 
2B). 
As expected, age and gender were highly and positively associated with poor self-rated 
health, such that older people were more likely to report being in poor health as compared 
to the young and suggesting that women were more likely to report poor health than men. 
There is a different degree of gender effect at different ages as the gender gap is larger for 
the old people. However, the interaction effect is not statistically significant, despite the 
very large sample size. Figure 6.3 shows the predicted relationship between age and odds 
of reporting poor health, for male and females. 
In considering the effect of marital status, compared to married people, 
widowed/separated/divorced were, on average, 19% (OR = 1.19) more likely to report 
poor health. The remaining effects for the other marital status groups were smaller and 
insignificant (Figure 6.4). A statistically significant inverse gradient in the relationship 
between income quintile and self-rated poor health was found, as shown in Figure 6.5. 
The base is the middle groups in income groups (the base category consequently received 
an odds of 1). People in the lower income groups had higher odds of poor health with 
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group 1 &2, the most disadvantaged group, having an OR of 1.71 and that for group 3&4 
being 1.26. In contrast, the higher household income group, 7&8 had an OR of 0.82 while 
group 9&10, the most advantage of all, had the lowest OR at 0.68. There is therefore a 
clear and non-linear dose response relationship between individual income and selt=rated 
health. 
Figure 6.3 The estimated relationship between age and relative odds of reporting poor 
health, for male and female at different ages (based on Model 2B) 
Figure 6.4 The estimated relationship between marital status and relative odds of 
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Figure 6.5 The estimated relationship between income groups and relative odds of 














The estimated effect of these individual variables mentioned above reflects the same 
result from Chapter Four that young comparing to old people, women to men, and 
widowed/separated/divorced to married people are more likely to report poor or tair 
health. The degree of individual income effect to their health is nonlinear. The 
inclusion of the set of income variables in model 2B as compared to model 2A 
produces a very substantial reduction in the DIC showing the importance of 
individual incomes association with self-reported health, but we cannot, with 
repeated cross sectional data, rule out the reciprocal carnal path that poor health 
leads to poor income. 
It is noticeable that the inclusion of demographic variables in model 2A increases 
the estimate of between-country differences and that they remain substantial and 
significant when individual income variables are included. The substantial between- 
country variations strongly suggest that individual differences cannot explain away 
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the country differences. The much smaller within-country between-wave variations 
barely changed (0.038 to 0.039) after taking accounts all these individual 
characteristics. It means that individuals, not countries, have great similarity across 
waves. 
The next model, Model 3 includes country levels of trust as a contextual predictor. 
Country level of trust was significantly and negatively associated with self-rated 
poor health (Table 6.3, Model 3). Figure 6.6 shows a plot of the relation between 
country trust and the odds of self-reported health. In countries with higher level of 
trust, individuals were less likely to report poor health after controlling for their 
demographic and socioeconomic characteristics. The inclusion of this variable also 
accounts for some of the between-country variance, which falls from 0.538 to 0.442 
but this remains statistically significant. And again a smaller DIC resulted then in the 
last model (by 6.80) showing that including country-level trust on a wave basis leads 
to an improved model with better fit 
Figure 6.6 The estimated relationship between countries aggregated social trust and 
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In Model 4 the main contextual effect of country trust remains largely the same after 
taking account of individual differences in trust perception, suggesting that the 
aggregate community trust effect is not an artefact of individual perceptions of 
social trust. Hou"n"cr, a hen explored further, a significant cross-level interaction 
effect bet en county, trust and individual social trust was observed in model 4B. 
Compare to Model 3, Models 4A & 4B are much better fits according to the 
reduction in the value of DIC of 763.04 and 5.65, respectively. Figure 6.7 a) plots 
the predicted relationship between country trust and the odds of reporting poor 
health, for low and high-trust individuals based on results from model 4B. As can be 
sue. there is what is known as a `consensual effect', in that individual and 
contextual trust are both important and the sign goes in the same direction: if you 
have high individual trust and live in a country with a high trust you tend to be 
healthier. 
The major findings are compared v. iith Subramanian et al's in Figure 6.7. The 
left-hand graph shows the relationship of the %'WS, given in terms of odds, between 
poor self-rated health and society social trust (measured as the proportion of the 
country at a particular wave who answer `), es' to the question concerning whether 
you can trust people Who live in the same place). Cross-level interactions are fitted, 
but are not found to be substantial. There is not the same complex relationship of the 
r'ght-hand side of the diagram (which is drawn using the same scale on the vertical 
axis) as was found by Subramanian and his colleagues. 
At the world scale low trust at both the individual and country level are mutually 
reinforcing in being rclatod to poor heath. The effects of societal trust are moderate 
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ones with a twofold difference in poor health between the extremes of trust. But they 
do give some support to the `social capital hypothesis' that individual and societal 
cohesion are related to individual health. 
Figure 6.7 The comparison result for WWS analysis to those of Subramanian et al: 











Moreover, Figure 6.8 shows the between-country variation of Model 4. Here seven 
out of top ten reporting poor health countries are the former Soviet States. The 
Soviet effect in terms of a revised Figure 6.2 has diminished. In other words, 
individual 
and mean social trust matter for people from Soviet Union countries to 
report themselves in poor health, after taking account of demographical variables 
and individual income. 
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Country trust 
Figure 6.8 Between country differences (base on Model 4B) 
6.5 CONCLUSIONS 
In this study, I have found a contextual effect of country trust on health after taking 
account of individual socio-democratic, income variables and individual social trust. 
Social trust both at the country level and at the individual level have a significant, it' 
modest, impact on people's perception of their health. 
People tend to have poorer health when they have low levels of trust and when the 
nation they live in has a lower overall trust; a consensual effect. This contrasts 
markedly with the strong negative cross-level interaction between individual and 
community level in the study of Subramanian et at, which those authors find 
difficulty in explaining. Indeed, there is a major problem of the design of that study 
in that `community' is very ill defined and varies from a single municipalities to 
entire States in the USA. Here, with the WVS data, the results are more plausible. If 
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Logit and 95% confidence intervals against rank of country 
you do not trust others and the country you live in has a low trust of others, a lack of 
bridging capital in Putnam's terms, you are more likely to report poor health. While 
we have not been able to measure and assess psycho-social stress directly there is 
evidence here that the surrounding community, the nature of the society in which 
you live, does have an impact above and beyond individual factors. There is 
evidence here that places as well as people are important for policy intervention to 
improve the health of the population. While in previous chapters the inequality 
hypothesis does not appear to be supported, there is evidence here that societal trust 





This final chapter is in three parts. The first section summarises what we have learnt from the 
empirical modelling in relation to the Wilkinson's hypothesis. The second part addresses the 
difficulties of using survey data collected internationally on health, income and subjective 
well being. The final part considers some further limitations of the research and how the 
work may be developed in the future to tackle these limitations. 
7.2 Summary 
In this thesis, health outcomes at the aggregated level (life expectancy at birth derived from 
World Bank database) as well as at the individual level (self-rated health from the World 
Values Survey) datasets have been investigated to evaluate Richard Wilkinson's relative 
income hypothesis. This states that it is the degree of inequality of income within a 
developed society rather than the absolute income that is the main determining factor for 
health. For him, the key mechanism causing health inequalities is not material disadvantage 
but psycho-social stress arising from perceived relative disadvantage. The distinctive feature 
of this thesis is that recent methodological developments in random coefficient modelling 
have been applied to empirically evaluate the relative income hypothesis at the scale it was 
originally proposed, that is countries. 
7.2.1 Aggregate level 
Chapter Three applied the methodology of group trajectory modelling using Nagin and 
Jones's PROC TRAJ software. The models fitted to country-level aggregated data for the last 
thirty years show that there are distinctive trajectories of life expectancy at birth, with the 
identified groups of countries have a clear and marked geographical distribution. According 
to the Bayesian information criteria, the World can be classified into ten groups as the best 
solution with each of the groups having different life expectancy patterns through the study 
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period. However, the four-group solution accounts for most of the complexity of the data 
structure (see Table 3.12). 
In brief, Model 4 (Figure 3.19), shows that most Sub-Sahara Africa has a pattern of `worst 
life expectancy (LE)' from 50 years in 1970 which increases to 55 in the late 1980s but then 
declines substantially to 40 in 2002. This is mainly because of the spread of HIV/AIDS that 
has shortened people's lives. With slightly better life expectancy at 51 years in 1970 are the 
countries of North Africa, they have a dramatically improved pattern to 62 years by 2002. 
Another group of countries includes all of the former Soviet States and some countries in the 
central Africa. It has a `steady LE' trajectory which has remained at about 60 years 
throughout the period. These countries have not enjoyed the improvements that have been 
seen elsewhere. This reflects the unstable situation politically and economically after the mid 
1980s in these places. Most western economies as well as Australia, New Zealand and China 
have been grouped together with the `best LE' during the study period that increases from 63 
years in 1970 to 69 by 2002. This latter group of countries are the ones that Wilkinson 
suggests conform to his theory that while GDP is not important, income inequality is a key 
determinant of how long people live. 
A key finding is that the effect of income and income inequality are very different from 
group to group of countries as shown in Table 3.14. For worst LE countries, neither GDP nor 
inequality affects life expectancy significantly although they have relatively larger positive 
and negative impact respectively on this group than other groups. Both income and 
inequality positively affect life expectancy in `improving LE' countries but inequality is not 
statistically significant. For `steady LE' countries, GDP is more important in predicting 
group membership than inequality, and it has a positive and significant impact on life 
expectancy. In contrast, inequality is more important than GDP in countries having the `best 
LE'. In summary, it is necessary to study countries separately in sub-groups for analysing the 
mechanisms of how income and income inequality influence people's health. Using 
aggregate data at the country level and examining changing life expectancy over a thirty year 
period, there is indeed support for the Wilkinson hypothesis in the countries with the best life 
expectancy. 
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7.2.2 Individual level 
The original Wilkinson work was based on data aggregated to the country level. Such an 
approach is always open to the charge of the ecological fallacy in that the observed 
relationships may have been induced by data aggregation. Gravclle's (1998) paper gave the 
critique a new twist by mathematically showing that a non-linear relationship between a 
response and a predictor at the individual level induces a relationship between the mean of 
the response and the variance of the predictor when the data are aggregated. That is Gravcllc 
suggested that a non-linear relationship between individual health outcomes and individual 
income, will produce an artefactual relationship between self-rated health and income 
inequality when the unit of analysis is a country. 
Chapter Two of this thesis clearly demonstrated that it was possible to simulate data that 
produced the results predicted by Gravelle. Moreover, it was shown in that chapter that 
multilevel modelling could be used to identify substantive ecological effects and that this 
procedure could model simultaneously at the micro level of individuals and at the macro 
level of countries. Consequently it was vital to test the relative income hypothesis using 
individual level data on health outcomes and country income inequality having already 
included individual income (allowed to take a non-linear form) in the model. Chapters Four, 
Five and Six analyse the World Values Survey as the key test of the relative income 
hypothesis. Wilkinson also notes that if a country has been through the economic transition 
(above five thousand US dollars in 1990), GDP is no longer the factor affecting people' 
health. The World Values Survey which includes a wide range of countries above and below 
the `threshold' provides an excellent test bed for this part of the hypothesis. 
7.2.2.1 Self-rated health and income inequality: a multilevel analysis 
In Chapter Four, a marked non-linear relationship has been found between self-rated health 
and individual income after taking account of individual demographic variables. As 
postulated by Gravelle, this relationship is indeed a non-linear one. The effect of GDP on 
health is found to be negative and insignificant in both countries above and below the 
threshold after taking account of individual demographic and income variables. In other 
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words, the greater a country's income, the more people in the country report less poor/fair 
health, but these effects are statistically insignificant. 
Moreover, and in marked contrast to Wilkinson's work, income inequality has a negative 
effect for countries above and below the five thousand US dollars threshold, for reporting 
poor/fair health. The more unequal the income distribution a country has, the Icss people 
report that they are in poor/fair health. It is the opposite effect anticipated by Wilkinson. 
Moreover, it is statistically significant for countries above five thousand dollars while being 
insignificant for those below. 
In this global study, there are still substantial between-countries differences which have not 
been explained away by both compositional (income, age, marital status and bender) and 
contextual variables (GDP, income inequality) in the models. Moreover, there is a tendency 
of reporting poor health for the former Soviet States, and these arc distinct from other 
countries. It can be concluded that there is not enough evidence supporting the Wilkinson 
hypothesis once individual's income and its differential impact are taken into account on 
self-rated health. GDP has little effect in both rich and poor countries and income inequality 
does not have the postulated effect on morbidity. Even when interactions are allowed 
between individual income and inequality, poor people in the most unequal counties do not 
appear to experience the worsened poor health predicted by Wilkinson. 
7.2.2.2 Multivariate modelling subjective well being 
In Chapter Five, attention focuses on the Wilkinson hypothesis and subjective well-being. i! c 
has argued consistently that effects of relative income operate not through material 
pathways, but through psycho-social mechanisms. People in unequal countries arc unhappy, 
dis-satisfied with their life and are consequently ill. This clement of the hypothesis is 
analysed using a multivariatc multilevel model and the World Values Survey. 
I find a substantial individual income effect consistcnt with a 'dose-mponse' relationship 
between each of the three outcomes and individual income categories that goes from the 
wealthiest quintile (9&10) to the lowest quintile (I&2), such that the lower the income, the 
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less he/she tends to be happy, healthy and satisfied with himself/hcrseif in life, with the 
largest effects being found for Life satisfaction. When the time-varying country level 
variable for GDP is included in the model, the results are against Wilkinson's argument that 
further increases in country's income for the countries above threshold is no longer 
associated with increases in Self-rated health. This also applies to Happiness. however, there 
is significant positive relationship between GDP and Life satisfaction. For the countries 
below the threshold, the more a country's income the less they report good health and 
happiness but people are more satisfied with life. 
In terms of country-level income inequality, there is no significant effect on sclf-ratcd health 
(thereby and unsurprisingly duplicating the findings in Chapter Four), but importantly more 
unequal distributions of income affect Happiness and Life satisfaction in the opposite 
direction to that proposed by Wilkinson. Wilkinson also mentioned that people who have 
suffered the most from income inequality arc poor people. In the study, poor people suffered 
lower life satisfaction and were less happy and there is a large difference of happiness and 
life satisfaction in the most unequal income distribution country. The former Communist 
Countries all share lower happiness, poorer health and lower life satisfaction. Again whcn 
individual income is included in the model, the postulated relationship between inequality 
individual health, happiness and satisfaction is not found and this is the case for poor and 
rich individuals. 
7.2.2.3 Social trust: a comparison study with the USA 
Chapter Six focuses on a variant of the Wilkinson's hypothesis that suggests people will be 
unhealthy when there is a lack of social cohesion in a country. This approach may explain 
the poor self-ratcd health of the former Soviet satellites, but it is crucial that individual 
measures of social cohesion arc included in the model as well a measure for the country as a 
whole. This chapter replicates the study of Subramanian ei at, (2002) but unlike that study 
which used US communities, countries are used as the meaningful higher"levcl unit. 
The result shows that health has been affected by country trust (a contcxtual cl%ct) allcr 
controlling for individual socio-dcnmocratic, incomc variablcs and individual social trust. 
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There is a significant and positive effect on health by social trust at the country level as well 
as at the individual level with the same direction for both variables: increased trust is 
associated with better health. In other words, people tend to report themselves to have better 
health if the level of trust within the country and between each other is high. 
This finding conflicts with the USA study published by Subramanian et a!., (2002) that 
found a strong negative cross-level interaction between individual and community level, 
which they found difficult to explain. This may be because there is a major fault in their 
study that the definition of places varies from single municipalities to entire States. It is 
important for that policy intervention focuses on places as well as people to improve 
people's health. Although there is no support for the inequality hypothesis in Chapter Four 
and Five, social trust at the country has influenced the above individual factors. In the review 
Table 2.2, none of the papers investigates social trust in the country level and there is no 
consistent relationship between individual health and individual and community social trust. 
However, Subramanian et al., (2002) argues that while the income inequality hypothesis is 
not always replicated; social trust does get more sustained support. The present study adds 
further evidence to this argument for the importance of social trust as both an individual and 
contcxtual variable. 
7.3 Limitations and Discussion 
7.3.1 Validity and reliability 
Chapters Four to Six arc based on the World Value Survey. With such large scale cross. 
national studies, it is very easy to raise questions about validity and reliability. For instance, 
do the variables really represent true differences in health or arc they merely cultural 
constructs. Thcrc arc well-known difficulties and errors associated with cross-cultural 
survcys in many aspccts of the dcsign, such as the qucstions, the sampling, the translations 
and the intcrvicwing tcchniqucs. 
The validity and rcliability limitation in cross-cultural comparability in survey research can 
be minimized with carefully dcsigncd questionnaires and carefully worded and constructed 
questions and Inglchart (2004) who is the project leader argues that this has been done for 
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the WVS. Esmer (2004) has investigated and commented on the four basic aspects of sample 
survey in the WVS: questionnaire design, sampling, data collection and analysis. Firstly, the 
understanding for the same question or even a phrase is very different from nations to 
nations, family to family and person to person. For example, a nuclear family in Norway 
refers to a very small one while in Nigeria it may mean a whole village. however, no matter 
what the exact meaning of the word, the 'family' is very important for people universally. In 
the last wave of the World Value Survey, they found 89.4% said "very important". Only 
1.1% and 0.3% answered that family was "not important" or "not important at all" for them, 
respectively. This gives very strong evidence that people have a common concept in all 
societies despite the different definitions. It is difficult to think of another plausible 
explanation for this extremely low variance in the responses from almost one hundred 
thousand respondents scattered all over the World. The same argument can be extended and 
applied to self-rated health as well as other aspects of well-being. 
Secondly, if a construct is appropriately measured it should be relatively stable over time. 
The gap between each wave of the World Values Surveys is approximately rive years. The 
basic values and demographic structure in a society should consequently remain fairly stable 
over such a short period of time, unless there is a traumatic event like a war or severe 
economic crisis. Esmer in 2004 showed an example using data of respondent's perspective to 
a question on their personal health from the third (1995-97) and fourth (1999-2001) waves of 
the WVS, to argue that the responses have a strong cultural component that does not change 
much over time. Suppose a Nigerian and Japanese have the same health status from a 
medical point of view, arc unlikely to report the same health status subjectively. if this is true 
and subjective health is a reasonably enduring cultural trait, a comparison of the distributions 
should give some clues to the adequacy of given samples. 
Table 7.1 compares the percentages of respondents who said the state of their health was 
good or very good in the two waves of surveys, for the 21 WVS countries which data arc 
available. The results arc promising in that in 16 out of 21 countries in this table, the 
discrepancy is five percentage points or less, that is within acceptable sampling cmar limits. 
Nigeria and South Africa show larger shills from one wave to the next. Then could be a 
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substantial number of explanations for these significant differences. Nevertheless, 19 out of 
21 countries show differences of eight points or less between the two waves and the mean 
shift from one wave to the next is only 3 percents point. 
Thirdly, a sampling strategy called "probability sampling with quotas" by Sudman (1976) 
has been applied in the World Values Survey, which according to him, "these quotas arc 
normally determined for the smallest geographic area for which information is available". In 
statistical terms, it is believed that the error sum of squares is only a small proportion of the 
total sum of squares. Overall, there are a large number of references discussing the problem 
of validity in cross-cultural research in the WVS. It has been concluded that despite the very 
real and very serious difficulties that critics of cross-cultural research make, the data shows a 
high degree of cross-cultural validity (Esmer, 2004). 
Table 7.1 Percent of respondents describing their health as good or very good 
1999-01 1995-97 Difference 
Albania 75 73 2 
Argentina 65 62 3 
Bosnia Herzegovina 64 62 3 
Chile 69 61 8 
China 61 68 -7 
India 63 59 4 
Japan 55 56 -1 
S Korea 78 76 2 
Mexico 61 56 5 
Moldova 30 31 -1 
Nigeria 90 75 15 
Pakistan 66 64 2 
Peru 49 50 -1 
Philippines 57 52 5 
Puerto Rico 73 68 5 
S Africa 78 68 10 
Spain 76 68 8 
Turkey 64 61 3 
Macedonia 71 73 -2 
USA 84 79 5 
Scrbia-Montencgro 56 51 5 
Mean difference 3.4 
Sourcc: Esmcr, (WVS, 2004, p397) 
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7.4 Future work 
This final section briefly spells out what future work is required for further investigating and 
developing Wilkinson's hypothesis, and thereby attempts to address limitations of the current 
work. There are four broad areas for future work: 
7.4.1 True panels 
First, it is necessary to have a longitudinal study for causal work as with repeated cross- 
sectional studies such as the WVS, it is impossible to tell if low individual income is really a 
consequent of poor health or a cause of it. While in general the reverse causation argument 
on downward social mobility is not strongly supported (Espen, 1996), the case for a causal 
relationship is made most powerfully when a change in the cause, be it between income or 
inequality, precedes a change in the health outcomes. The possibilities of carrying out such 
work could be based on the European Community Household Panel Survey (ECIIP, 
http: //forum. curopa. cu. int/irc/dsis/cchpancUinfo/data/information. html) in which the same 
individuals are followed over time but they live in different countries. Such a study could 
focus on changing individual income and changing subjective health. The data on individual 
income is also likely to be of a much higher quality than the WVS. 
7.4.2 Epidemiological transitions 
Second, Wilkinson (1996) claims that when countries pass through the income threshold to a 
developed economy, they also pass through the cpidcmiologic transition. That is the main 
causes of diseases changes from communicable to chronic disease in which income 
inequality is a key determinant. To evaluate this part of the hypothesis requires a study of 
changing of a wider set of health outcomes such as cause-specific mortality and an 
engagement with epidemiological theory (Omran, 1971). One possibility would be to look at 
a country such as Taiwan which (in addition to being the home country of the candidate) has 
been the subject of a Wilkinson-like aggregate analysis of mortality (Chiang, 1999) and it 
has a number of features that allow a quasi-experimental approach (Moon and Gould. 2000). 
In the 1950's Taiwan was a poor agricultural country with a gross national product pcr capita 
of no more than US$200 (£72 valued at 1950s prices) but by 1995 the country an export- 
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oriented economy with a figure of US$12,396 (£7853 valued at 1995 prices). Moreover, the 
economic development of Taiwan has been accompanied with improved income inequality. 
According to Chiang (1999), the Gini coefficient for Taiwan has decreased from 0.56 in 
1953 to 0.28 in 1976 and gradually increased to 0.32 in 1995. Individual death records, some 
3 million deaths with area codes are available for 1971-2001. The Global Burden of Disease 
(1990) classification of deaths, which divides causes of death at the broadest level into three 
groups (non-communicable diseases in Group 1, injuries in Group 2, and Communicable 
diseases in Group 3) could be used to look at the changing proportion of deaths in each 
category. Taiwan is therefore an ideal `laboratory' to examine changing patterns of mortality 
as a country undergoes rapid socio-economic change. Unfortunately socio-economic data is 
only available for areas and not people, but these data would allow the assessment that of the 
epidemiological transition aspect of the Wilkinson hypothesis. 
7.4.3 Scale 
Third, scale is an important issue in the study of change as it is possible to have differential 
patterns at different scales occurring simultaneously (Haggett, 1965, see Figure 7.1 which 
shows the American population concentrating at the finer spatial scale and dispersing at the 
wider State scale over a 50 year period). Moreover, income inequality is clearly a scale. 
related concept. Thus in a study of a city, there could be gross inequalities between 
neighbourhoods, but equality within a neighbourhood. Consequently if a study is done at a 
neighbourhood scale it may give very different results than if undertaken at a city-region 
scale. In the main, the large literature on the Wilkinson hypothesis does not discuss this issue 
although he himself uses nation-states to stand for societies, but he also points approvingly to 
studies done at the regional level, such as Kawachi and Kennedy and colleague's analysis in 
1997 at the State level in the USA. 
One of the exceptions to this general failure to discuss scale is the study by Soobader and 
LcClcrc in 1999. They suggest that current approaches to the effect of income inequality on 
morbidity and mortality ignore the essentially geographic nature of that inequality. They also 
argue that both of unit of analysis (ecologic versus individual) and the lcvcl of aggregation 
may, in fact, be critical to the nature of the relationship between income inequality and 
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mortality. Inconsistent findings across units of analysis and levels of aggregation may result 
not from a flaw in the basic premise that income inequality affects health outcomes but 
rather that all of the etiologic pathways have yet to be explored at a variety of scales. In their 
study of counties (coarser scale) versus tracts (finer scale), they found no effects of income 
inequality on morbidity at the latter scale, because these areas were essentially 
homogeneous. This is because residential segregation associated with income inequality is a 
process that generates areas of the city with internal similarity, but is different from other 
areas of cities. 
Figure7.1 Scale-specific results: indices of population concentration for the Unitod 
States by countries and states 
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Source: Haggett (1965, p201) 
One way of approaching this is issue if scale is through using the more detailed gcogr phics 
that are available in the WVS surveys, but some countries have detailed codes (Iceland) but 
for others (UK) the degree of detail is limited. A better possibility is to be able to vary the 
size of the neighbourhoods as Johnston and others (1997) have done for data derived from 
the British 1lousehold Panel Survey to form 'bespoke' ncibhbouncoods. 
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7.4.4 Social trust 
Fourth, the key finding is that social trust is an important factor that affects health in this 
study. However, the cross-sectional nature of WVS makes it difficult to rind the casual 
relationship between individual health and individual and aggregated level (country) social 
trust. Moreover, social trust is only one of the mechanisms (others such as networks of 
relationships, reciprocity and social norms etc. ) that generated social capital/social cohesion. 
As have been reviewed in Table 2.2 of Chapter Two, there is no consistent finding to support 
the social capital hypothesis that affects health in different scale of data. This is because 
different indices have been applied for each study to measure social capital/social cohesion 
of that society. There is a need to study a wide range of these social capital aspects as 
possible. 
Therefore, an alternative longitudinal data set: the European Community Ilousehold Panel 
Survey, which has mentioned above is ideal for us to test social capital hypothesis of a range 
of nations. This data set not only has variables of individual income, health, and their detail 
demographics but also a wide range covering of social capital aspects such as membership of 
associations, frequency of taking to neighbours, friendship networks, how people obtained 
employment (through various means including information from friends and relatives). 
Another important point is that weighting will always be open to dispute in forming the 
contextual variable. Thus, we need to ask what is the best way to sum indicator variables of 
social capital or how to weight at each scale into an overall index. Such work will need to be 
driven theoretically and empirically, but the findings of Chapter Six suggest that such work 
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Appendix 1 Data to be used from the World values survey 
Structural variables 
" Country code 
Code Country Code Country Code Country 
1 France 34 E Germany 68 Dominic Rep 
2 Britain 35 Slovenia 69 Bangladesh 
3 W Germany 36 Bulgaria 70 Indonesia 
4 Italy 37 Romania 71 
5 Netherlands 38 Pakistan 72 Albania 
6 Denmark 39 China 90 73 Colombia 
7 Belgium 40 Taiwan 74 
8 Spain 41 Portugal 75 Basque 
9 Ireland 42 Austria 76 
10 N Ireland 43 Greece 77 
11 USA 44 Turkey 78 Andalusia 
12 Canada 45 Moscow 79 Galicia 
13 Japan 46 Lithuania 80 Valencia 
14 Mexico 47 Latvia 81 Serbia 
15 S Africa 48 Estonia 82 Montenegro 
16 Hungary 49 Ukraine 83 Macedonia 
17 Australia 50 Russia 84 Croatia 
18 Norway 51 Peru 85 Slovakia 
19 Sweden 52 EI Salvador 86 
20 Tambov 53 Venezuela 87 
21 Iceland 54 Uruguay 88 New Zealand 
22 Argentina 55 89 Egypt 
23 Finland 56 Ghana 90 Morocco 
24 S Korea 57 91 Iran 
25 Poland 58 Philippines 92 Jordan 
26 Switzerland 59 Israel 93 Bosnia 
27 Puerto Rico 60 94 
28 Brazil 61 Moldova 95 
29 Nigeria 62 Georgia 96 
30 Chile 63 Armenia 97 
31 Belarus 64 Azerbaijan 98 
32 India 65 99 
33 Czech 66 
67 
0 Survey year 
Survey number Year 
1 1981-82 wave 
2 1990-91 wave 
3 1995-1997 wave 
4 1999-2001 wave 
" Interview number 
A 4-digit number identifying each respondent in the given country. Most of the variables in the 
questionnaire are 1-digit, using "9" as the missing data code; if the variable has 8 or more 
categories, "99" is the missing data code. 
" Weight 
In each country, the investigators were asked to provide a 4-digit weight variable to correct their 
sample to reflect national distributions of 
key variables. If no weighting was necessary, each case 
was simply codes as "1.00. " 
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Number Question Recoding 
Vii All in all, how would you describe your state of 
1. Very good 




5. Very poor 
9. Don't know 
V 10 Taking all things together, would you say you are: 1. Very happy 
2. Quite happy 
3. Not very happy 
4. Not at all happy 
9. Don't know 
V65 All things considered, how satisfied are you with 1. Dissatisfied 
your life as a whole these days? Please use this 2. 








99. Don't know 
Independent variables 
Number Question Recoding 






V215 Can you tell me your year of birth, please? 19?? 
V89 Are you currently .... 1. Married 





V227 Here is a scale of income. We would like to know in 1. C (Lowest Decile) 
what group your household is, counting all wages, 2. D 
salaries, pensions and other incomes that come in. 3. E 
Just give the letter of the group your household falls 4. F 





10. L (Highest Decile) 
98. No answer. 
1. 
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